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Abstract 
While it is clear that dietetic choices and habits are contributing to health state 
of individuals, mounting evidence suggests the biomolecular contents of foods 
vary in line with the nutritional milieu. Even when it is hard to distinguish the 
causal factors of this variation, various concentrations of flavonoids or poly-
phenols in lettuce contribute to preventive strategies of several health condi-
tions. The aim of this study is to investigate flavonoids and polyphenol con-
tents of lettuce grown in katsina state, Nigeria and their potential beneficial 
role in immunocompetence of consumers. 
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1. Introduction 

Vegetables contain most, if not all, of the essential components of human nutri-
tion. Nutrients have traditionally been viewed as food components that either 
cannot be synthesized in the body (for example, vitamin C) or whose synthesis 
requires a specific factor that may in certain circumstances be absent or inade-
quate (for example, some amino acids, fatty acids, and vitamins). In vegetables 
however, there is now recognition that many other compounds of plant food, 
such as dietary fiber, flavonoids, sterols, phenolic acids, and glucosinolates, are 
associated with lower disease risk. A large number of phytochemicals capable of 
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antioxidant, antimutagenic, cytotoxic, antifungal, and antiviral activities have 
been identified in lettuces (Prior and Cao, 2000; Goldberg, 2003) [1] [2]. These 
phytochemicals are associated with many positive effects on human health, in-
cluding prevention of coronary heart diseases, diabetes, high blood pressure, 
cataracts, degenerative diseases, and obesity (Liu et al., 2000; Djouss’ et al., 2004 
[3] [4]. The links between fruit and vegetable consumption and protection 
against cancers of stomach, esophagus, lung, pharynx, endometrium, pancreas, 
and colon have also been extensively reported (Temple and Gladwin, 2003; 
Hung et al., 2004) [5] [6]. The realization of the importance of plant products to 
the human diet has led to the five-a-day campaign in the United Kingdom to 
persuade people to eat at least 5 portions of vegetables every day. This campaign 
is driven by the nutritional importance of plant foods in terms of essential nu-
trients, trace elements, and fiber (WHO, 2002; WHO, 2003) [7] [8]. 

Nutrient composition of vegetables is very complex and difficult to assess. Le-
vels of plant metabolites are strongly affected by genetic and environmental fac-
tors as well as transportation and storage conditions. Growth factors such as 
light, temperature, humidity, type of soil, application of fertilizers, damage 
caused by microorganisms and insects, stress induced by UV radiation, heavy 
metals, and pesticides all alter metabolite composition of plants (Orcutt and 
Nilsen, 2000) [9]. Before vegetables appear on a supermarket shelf they might 
have been handled by plant growers, transporters, packagers, storehouse opera-
tors, distributors, and/or processors. The chemical and physical changes that 
occur in vegetables during these stages can lead to loss of potentially beneficial 
components (Mac Evilly and Peltola, 2003) [10]. Over the past decade, signifi-
cant amounts of information have been accumulated on identification, bio-
chemical characterization, localization, and health benefits of plant metabolites. 
The diverse variety of organic compounds in vegetables represents the product 
of primary and secondary plant metabolism. Primary metabolites such as car-
bohydrates, amino acids, fatty acids, and organic acids are involved in growth 
and development, respiration and photosynthesis, and hormone and protein 
synthesis. Primary metabolites are found across all species within broad phylo-
genetic groups, and are produced using the same (or nearly the same) biochem-
ical pathways. Secondary metabolites such as flavonoids, carotenoids, sterols, 
phenolic acids, alkaloids, and glucosinolates determine the color of vegetables, 
protect plants against herbivores and microorganisms, attract pollinators and 
seed-dispersing animals, and act as signal molecules under stress conditions 
(Seiger, 1998; Crozier et al., 2006) [11] [12]. These metabolites are often diffe-
rentially distributed among taxonomic groups within the plant kingdom. This 
research is therefore conducted to determine the total polyphenol and total fla-
vanoids content in Lettuce grown in Katsina state and show their immunothe-
rapeutic and pharmacologic efficacy. 

2. Materials and Methods 

Agriculture is a mainstay of the small scale farmers in Nigeria. (Giroh, et al., 
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2010) [13] had posited that Agricultural production in Nigeria is dominated by 
small scale farmers and is known to produce more than 90% of food consumed 
in the country. One of the major items produced is lettuce. The importance of 
lettuce as major and efficient sources of micronutrients in African diet cannot be 
over stressed. They are nourishing foods because they contain a little of all the 
substances man needs; protein, mineral salts, sugars, vitamins, aromatics, color-
ing agents, iron and essential oils that increase man’s resistance to disease. In 
this class of food, man finds the wide range of nutritive elements he needs. Let-
tuce is therefore a complementary food of the first order, and is much more im-
portant for man’s health than products of animal origin (Hugues and Philippe, 
1995) [14] as it contains flavonoids and polyphenols in addition to other bio-
chemical compounds. 

Polyphenols form a group of compounds containing numerous phenolic 
groups, among them are flavanoids which play various roles in the management 
of diseases.  

2.1. Sample Collection 

The vegetables were collected from different farms from six different local gov-
ernments of Katsina state namely Dutsinma and Jibia (Katsina Zone), Kankara 
and Faskari (Funtua Zone), Daura and Kankia (Daura Zone) during the month 
of January 2015. Four samples of lettuce were collected from different wards of 
the local governments (Table 1). 

2.2. Reagents 

Methanol, distilled water, 10% aluminium chloride, 1 M potassium acetate, 
Quercetin, Folin-Ciocalteu reagent, 1 M sodium trioxocarbonate (v) and Gallic 
acid were used for this study. 

2.3. Preparation of Samples 

The vegetables were dried in an envelope, exposed to sun light in Dutsinma local 
government area of Katsina State. The first drying started on 27 January, and 
ended on March 20th 2015 while the second drying began on 22nd April and 
ended on 1st May. The dried lettuce was pulverized to powder using an electric 
blender in New Biology laboratory complex of Federal University Dutsin-ma in 
Katsina State. 

2.4. Extraction 

The method of Atawodi and Onaolapo (2010) [15] was adopted for plant extrac-
tion. 100 mg (0.1 g) of the Sample was measured and placed in test tubes, 5ml of 
absolute methanol was added and then the test tube was covered with an Alu-
minum foil. The solution was incubated for 2 hours at 37˚C. Every 15 minutes, 
the solution was shaken by turning upside down three (3) times with the thumb 
holding the test tube mouth over the aluminum foil. At the end of the 2 hours, 

https://doi.org/10.4236/oalib.1102934


G. Joseph et al. 
 

 

DOI: 10.4236/oalib.1102934 4 Open Access Library Journal 
 

the solution was allowed to stand at room temperature for 15 - 30 minutes, the 
methanolic solution was decanted into clean tubes, capped and stored in the 
deep freezer at 2˚ Celsius for analysis (Table 2). 

 
Table 1. Collection of samples. 

Local govt./ward  

KATSINA ZONE  

JIBIA LETTUCE 

Gadirge Collected 

Hushin buku Collected 

Kwamin gabas Collected 

Jibia Collected 

DUTSINMA LETTUCE 

Makera Collected 

Badole Collected 

Dutsinma Collected 

Kofa Collected 

FUNTUA ZONE  

FASKARI LETTUCE 

Mai ruwa Collected 

Mai gora Collected 

Kadisau Collected 

Bare bari Collected 

KANKARA LETTUCE 

Zango Collected 

Yar tsamiya Collected 

Kahi Collected 

Kankara Collected 

DAURA ZONE  

KANKIA LETTUCE 

Sabuwar Abuja Collected 

Unguwar gabas Collected 

Gachi Collected 

Kanti Collected 

DAURA LETTUCE 

Daura Collected 

Dan nakola Collected 

Mazoji Collected 

Rogogo Collected 
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Table 2. Concentration of flavanoid and polyphenol from lettuce grown in six local gov-
ernments of Katsina State. 

Local government Flavanoids (mg QE/g) Polyphenol (mg GAE/g) 

Jibia 125.07 ± 28.19a 104.34 ± 29.64a 

Dutsinma 223.82 ± 10.61c 135.93 ± 20.93ab 

Kankara 190.20 ± 28.01bc 176.26 ± 4.55bc 

Faskari 205.98 ± 28.01bc 149.59 ± 21.14ab 

Daura 130.42 ± 14.63a 130.34 ± 13.05ab 

Kankia 155.52 ± 5.96ab 216.96 ± 6.64c 

3. Statistical Analysis 

Total polyphenol and total flavonoids were determined from quercetin and gallic 
acid standard curves as depicted in Figure 1 and Figure 2 respectively. The 
quercetin standard curve is equated to y = 0.00881x − 0.07 where y is the absor-
bance reading of the sample at the wavelength of 415 nm, and x is the total fla-
vonoid content while the gallic acid standard curve represents y = 0.00593x + 
0.122 where y is the absorbance reading of the sample at the wavelength of 765 
nm and x is the total polyphenol content of the sample. ANOVA was used in the 
comparison of the results of total flavonoid and total polyphenol concentrations 
of these vegetables and also for the comparison of the results from the local gov-
ernment areas, and the means are also taken in both cases. 

The results presented in Table 1 indicate that flavanoid concentration of let-
tuce from Dutsinma is significantly high (p < 0.05) while the lettuce from Jibia 
and Daura had significantly low (p < 0.05) concentrations of flavonoid (Figures 
3-5). The lettuce from Kankia had significantly high (P < 0.05) concentration of 
polyphenol (Figures 3-5) while that from Jibia had significantly lower (p < 0.05) 
concentration of polyphenol (Figures 3-5). 

Table 3 depicts a t-value of 0.844 obtained and a P-value of 0.419 at the de-
gree of freedom of 10. The critical P-value of 0.419 is greater than the alpha val-
ue of 0.05. This indicates that overall there is no significant difference between 
flavanoid and polyphenol contents of the six local governments areas of interest. 
Thus, the null hypothesis that there is no significant difference between flavano-
id and Polyphenol contents in lettuce from the six local government areas of 
Katsina state was conclusively accepted.  

4. Discussion 

The concentrations of polyphenol and flavonoids in lettuce highly produced and 
consumed in Katsina were investigated. It may be important to substitute syn-
thetic antioxidants with naturally identified antioxidants sources from locally 
available Lettuce as they are less toxic and easily affordable compared to syn-
thetic antioxidants (Osawa, 1994) [16]. Several reports have conclusively shown 
a correlation between the antioxidant activity and amount of total phenolics or 
total flavonoids (Sun, 2002; Ramadeep and Geoffrey, 2005: [17] [18]). Here also  
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Figure 1. Quercetin standard curve. 

 

 

Figure 2. Gallic acid standard curve. 
 

 
Figure 3. Bar graph of flavonoid and Polyphenol contents in lettuce from six local Gov-
ernments of Katsina State, Nigeria. 
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Figure 4. Line graph of flavonoid and polyphenol contents in lettuce from six Local Gov-
ernments of Katsina State, Nigeria. 

 

 

Figure 5. Radar graph of flavonoid and Polyphenol contents in lettuce from six local 
Governments of Katsina state, Nigeria. 

 
Table 3. Comparative t-test of flavanoid and polyphenol contents from lettuce grown in 
six local Governments in Katsina State, Nigeria. 

Groups N Mean Std. Dev. Df T p Decision 

Flavanoid 

Polyphenol 

6 

6 

171.84 

152.24 

40.92 

39.53 
10 0.844 0.419 Not Significant. 

The concentration of each parameter is considered significant if P ≤ 0.05; where N = Sample size, Std. Dev 
= Standard Deviation, Df = Degree of Freedom, T = t-test value, P = Alpha Value. 

 
our model fit scenario that lettuces grown in the state has high antioxidant po-
tential due to substantial amounts of their polyphenols and flavanoids. Phenolic 
compounds in these vegetables play the key role as primary antioxidants or free 
radical scavengers. The antioxidant activity of the phenolic compounds is mainly 
due to their redox properties, which can play an important role in absorbing and 
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neutralizing free radicals, quenching singlet and triplet oxygen or decomposing 
peroxides (Osawa, 1994) [16]. The bioactivity of phenolics may be related to 
their ability to chelate metals, inhibit lipoxygenase and scavenge free radical 
(Mallavadhani et al., 2006; Lin et al., 2005) [19] [20]. The vegetables employed in 
this study are potentials in providing antimutagenic and anticarcinogenic prop-
erties in humans, when ~1.0 g of the polyphenolic contents are consumed daily 
(Tanaka et al., 1998) [21]. The result of this study indicates that the vegetables 
employed especially onion can be used in management of diabetes mellitus since 
patients with diabetes mellitus are characterized with elevated level of oxidative 
damage, decreased level of antioxidant defenses and are prone to lipid abnor-
malities due to lipid peroxidation (Asayama et al., 1993) [22]. 

This study indicates a significant reduction in the risks for a variety of diseases 
upon feeding because Lettuces are polyphenol-rich vegetables (Kris-Etherton et 
al., 2002) [23]. Phenolic compounds possess multiple biological properties such 
as antitumor, antimutagenic and antibacterial properties and these activities 
might be related to their antioxidant activity. Polyphenols in plants are consi-
dered to be important ingredients in human diet. They are reported to exert a lot 
of biological effects such as antioxidant activity and inhibitory effects on carbo-
hydrates hydrolyzing enzymes due to their ability to binds with protein (Grif-
fiths and Moseley, 1980) [24]. This work is in line with the consumption of veg-
etables with high polyphenolic compound which can delay the digestion of 
starch since these compounds inhibit intestinal carbohydrates hydrolyzing en-
zymes (Lehmann and Robin, 2007) [25]. Drugs such as arcabose, miglitol and 
voglibose also perform this task. This study indicated that these vegetables pos-
sess potent antioxidant and antidiabetic potentials due to their possession of po-
lyphenolic compounds and their ability to inhibit the activity of α-glucosidase, 
α-amylase and lipases (Oben et al., 2010; Kunga et al., 2010: Anon, 2011) [26] 
[27] [28]. 

5. Conclusion 

Flavonoids and polyphenol contents of lettuce grown in Katsina were investi-
gated in this work. The findings reveal that the studied vegetables are rich in 
flavonoids and polyphenols. These biomolecules can make great contribution in 
preventive medicine as they prevent carcinogenic infections and other terminal 
health challenges. In the light of our findings, we posit that these compounds be 
used to improve the immunocompetence of consumers of lettuce and therefore 
recommend further research (Victor M. et al., 2014, Gnimintakpa J. and Sa’ada 
A., 2016) [29] [30] in immunotherapeutics and pharmacology on flavonoids and 
polyphenol contents of lettuce grown in Katsina. 
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