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The purpose of this experiment was to study the effectiveness of PGPR dosages applied for improving 
nutritional quality (anthocyanins, carotenoid and total chlorophyll) of two red lettuce cultivars. The 
experiment was conducted in Dadaprejo Village, Junrejo District, Batu in July - August 2017. This was a 
factorial experiment arranged in Completely Randomized Block Design which consisted of 2 factors. The 
first factor was two red lettuce cultivars consisted of Red Rapid (V1) and Lollo Rossa (V2). The second 
factor was a PGPR dosage consisted of 6 levels : without PGPR (P0), 100 ml PGPR (P1), 150 ml PGPR 
(P2), 200 ml PGPR (P3), 250 ml PGPR (P4) and 300 ml PGPR (P5 ). Parameters observed were 
anthocyanins, beta-carotene and total chlorophyll content at 25, 35 and 45 days after planting (dap). The 
result showed that there was interaction between red lettuce cultivars and various PGPR dosages on 
chlorophyll content at 45 dap. Combining Lollo Rossa with  250 ml PGPR produced the highest 
chlorophyll content. On the other hand, no interaction found between red lettuce cultivars and various 
PGPR dosages on carotenoid and anthocyanins content. However, cultivars and PGPR dosages had 
significant effect on anthocyanins content respectively, while only cultivars significantly affected 
carotenoid content. Red Rapid cultivar outperformed Lollo Rossa on both carotenoid and anthocyanin 
content observed. Highest anthocyanin content obtained by applying 250 ml PGPR. 
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INTRODUCTION 

Since a long time ago, plants are part of the 
human diet. Many of them contain bioactive 
components that may influence physiological 
effect beyond nutrition which promote human 
health and well–being. Fruits and vegetables, if 
consumes regularly, may reduce risks of chronic 
disease such as cancer, cardiovascular disease, 
stroke, Alzheimer's disease, cataract and age-
related functional decline. In order to fulfill food 
needs for the global population, farmers of all 
countries implemented the green revolution 
technology. This has caused deleterious effects 
on the environment which also represents a latent 
problem for human health (Baez-Rogelio et al., 
2017). For that reason, modern agriculture and 

horticulture have to combine the two objectives 
which almost mutually exclusive: 1) to meet the 
nutritional needs of an increasing human 
population and  2) to reduce the negative impact 
on the environment (Duhamel and 
Vandenkoornhuyse, 2013). These substantial 
objectives are included in the Agenda for 
Sustainable Development 2030 of the United 
Nations: End hunger, achieve food security and 
improved nutrition and promote sustainable 
agriculture (Goicoechea and Antolin, 2017). 

One of the promising practices includes the 
use of microbial inoculants which can ameliorate 
stress, promote growth, control diseases, and 
contribute to the development of sustainable 
agriculture (Berg et al., 2013). Nowadays, global 

http://www.isisn.org/
mailto:denmaswisnu@yahoo.com


Murdiono et al.,                                                                          PGPR For Improving Nutritional Quality Of Red Lettuce  

 

    Bioscience Research, 2018 volume 15(2): 980-987                                                             981 

 

efforts are underway to isolate, screen and 
characterize the rhizobacterial strains for 
maximizing crop production in stress and non-
stress conditions. Many bacterial genera, 
including Arthrobacter, Azospirillum, Bacillus, 
Enterobacter, Pseudomonas, Rhizobium, 
Acinetobacter, Burkholderia, etc., perform plant 
growth promoting (PGP) activities in different crop 
plants (Arruda et al., 2013; Barnawal et al., 2014; 
Martínez et al., 2015).  

In addition to maximize plant growth and yield 
in stress and non-stress conditions, PGPR may 
also influence the nutritional quality of fruits and 
vegetables. Han and Lee (2004) reported that 
lettuce inoculated with Serratia proteamaculans 
and Rhizobium leguminosarum may reduce the 
negative effect of salinity and also increased 
photosynthesis and total chlorophyll content. 
Fasciglione et al., (2012) had demonstrated that 
90 minutes seed-dipped lettuce with A. brasilense 
strain, promoted early germination and increased 
leaf dry weight, leaf area and chlorophyll content 
when grown at 40 mmol

−3
 NaCl. 

Numerous studies (Ruzzi and Aroca, 2015; 
Bona et al., 2016) have reported that PGPR can 
increase the sweetness, moisture content, levels 
of secondary metabolites with antioxidant 
properties (such as anthocyanins, flavonoids and 
carotenoids) and also contents of minerals in fruits 
included in the human diet (grapes, apples, 
strawberries, blackberries, sweet cherries and 
tomatoes). The improved contents of minerals and 
chlorophylls in cabbages supplied with PGPR 
(Bona et al., 2016) are very promising since the 
majority of Brassicaceae do not associate with 
mycorrhizal fungi, the rhizospheric 
microorganisms frequently used in many studies 
dealing with the improvement of food crop quality. 
So, in this experiment, we investigated the 
nutritional quality, including anthocyanin, 
chlorophyll and carotenoid content of two red 
lettuce cultivars associated with various PGPR 
dosages given. 
 
MATERIALS AND METHODS 

 Field Trial 
This research was conducted in Dadaprejo 

Village, Kec. Junrejo, Batu City in July - August 
2017, using Factorial Random Block Design which 
consists of 2 factors and replicated three times. 
The first factor is two red lettuce varieties, consist 
of Red Rapid (V1) and Lollo Rossa (V2). The 
second factor is PGPR dosage (5 ml/liter) 
consisting of 6 levels: without PGPR (P0), 100 ml 

PGPR (P1), 150 ml PGPR (P2), 200 ml PGPR 
(P3), 250 ml PGPR (P4) and 300 ml PGPR (P5).  

The red lettuce seeds (P1 – P5 treatments) 
were soaked in with 5 ml/liter PGPR solution for 
about 30 minutes, while seeds for P0 treatment 
(control) were soaked in water only. The seeds 
then sow or planted on the tray with a mix of 
cocopeat and compost planting media (1:1), for 
approximately 15 days. The seedlings were 
transplanted into 40 cm x 20 cm plastic pots (5 
kg). Pots were filled with a mixture of sand and 
organic manure (1:1), approximately 3 kg for each 
pot. Planting was done early in the morning, 
where each pot contains 1 red lettuce plant. 

Plant maintenance lettuce consists of 
irrigating, applying inorganic fertilizer, spraying 
PGPR and also pest or disease control. Irrigating 
the plant was done every morning while inorganic 
fertilizer was given twice, the first was given 
simultaneously at the first planting day and 
second was given at 14 days after transplanting. 
PGPR was sprayed three times, which was 2, 3 
and 4 weeks after transplanting for each 
treatment. The observed parameters were 
chlorophyll and anthocyanin content measured at 
25, 35 and 45 days after planting (dap) while 
carotenoid content measured at 35 and 45 dap. 
Data collected were subjected to analysis of 
variance (ANOVA) for the combined effects of red 
lettuce varieties (V) and PGPR dosage (P). LSD 
Test (p = 0.05) was used to compare the means. 
The major and significantly affected parameters 
are presented and discussed. 

Total Anthocyanin Determination 
Total anthocyanin content was determined 

using pH Differential Method (Lee, Durst and 
Wrolstad, 2005). This method is based on the fact 
that anthocyanin pigmentation is uniquely pH 
dependent. A total of 2 g fresh samples from the 
mature leaves of lettuce were ground in a mortar, 
and then the ground was diluted in two different 
buffers; 0.025 M potassium chloride pH = 1.0 and 
0.4 M sodium acetate pH = 4.5, respectively (each 
buffer contain 1 g sample). After 20 – 50 minutes 
of incubation at room temperature, absorption (A) 
was measured at λ = 520 and λ = 700 nm. 
Calculation of anthocyanin pigment concentration, 
expressed as cyanidin-3-glucoside equivalents, as 
follows : 

                     
                 

     
 

 
where :  A = (A520 – A700)pH 1.0 – (A520 – A700)pH 4.5 
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 MW (molecular weight) = 449.2 g/mol for 
cyanidin-3-glucoside (cyd-3-glu);  
 DF = dilution factor established in D;  
 l = pathlength in cm;  
 ɛ = 26.900 molar extinction coefficient, in 
L.mol

–1
.cm

–1
, and  

 10
3
 = factor for conversion from g to mg. 

 
The anthocyanin content was calculated as mg g

–

1
 FW. 

Total Chlorophyll and Carotenoid 
Determination 

Total chlorophyll and carotenoid content were 
determined according to Chen et al. (2017) with a 
few modifications. A total of 2 g fresh samples 
from the mature leaves of lettuce were ground in a 
mortar, and then the ground was washed using 
100% acetone. The filtrates were diluted to a total 
volume of 10 mL with acetone. The absorbance of 
the extraction was respectively measured by a 
spectrophotometer at 470 nm, 646 nm, and 663 
nm. Concentrations of the chlorophyll and 
carotenoid (mg.g

-1
 FW) were determined using the 

following equations : 
 

              
((             )  (            ))   

        
 

              
((             )  (            ))  
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(((            )  (            )  (           ))     )  

        
 

 

 
 
 
 

RESULTS AND DISCUSSION 
Improved food quality can positively impact 

human health and reduce the costs of health care. 
Increased quality, in terms of taste and nutritional 
value, also become an additional target in 
agriculture, since consumers have sharpened 
their attention on all the aspects regarding the 
quality of foods and agricultural products in 
relation to health (Lingua et al., 2013). 

Healthfulness is associated with the amounts 
of bioactive compounds, including vitamins, 
carotenoids, flavonoids, phenolic compounds, etc. 
These flavonoid and phenolic compounds found in 
fruits and vegetables collectively called 
phytochemical/phytonutrient (Connor et al., 2005; 
Kosma et al., 2013; Llorach et al., 2008; Martin et 
al., 2011; Mulabagal et al., 2010). Phytonutrients 
can act as antioxidants, which help to protect our 
body from degenerative and chronic diseases 
such as cancer and cardiovascular diseases 
(Szeto et al., 2004). 

Enhancing the nutritional levels of vegetables 
would improve nutrient intake without requiring an 
increase in consumption (Mou, 2005). In this 
context, the use of beneficial rhizospheric 
microorganisms for improving not only growth and 
yield but also the nutrient quality of crops 
represents a promising tool that may respond to 
the challenges for modern agriculture and 
horticulture. Chlorophyll and carotenoids content 
were important biochemical parameters to assess 
the effectiveness of PGPR for improving red 
lettuce's nutritional quality. Chlorophyll content 
was measured at 25, 35 and 45 dap while the 
carotenoid content was measured at 35 and 45 
dap. There was an interaction between cultivars 
and various PGPR dosages on chlorophyll 
content at 45 dap (Table 1). 

Table 1. Chlorophyll content of red lettuce as affected by cultivars and various PGPR dosages at 
45 dap 

Treatments Chlorophyll content (mg/100 g FW) 

 P0 (control) P1 (100ml) P2 (150ml) P3 (200ml) P4 (250ml) P5 (300ml) 

V1 (Red Rapid) 8,27 a 12,39 c 15,41 ef 18,01 g 23,17 h 13,75 d 

V2 (Lollo Rossa) 11,19 b 14,41 de 18,72 g 22,88 h 27,41 i 16,15 f 

LSD (5%) 1,19 

Mean followed by the same letter in a column is not significantly different (Tukey, P > 0.05). 
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Applying PGPR on both red lettuce cultivars 
could increase the chlorophyll content higher than 
control without PGPR. Similar to our results, the 
ameliorating effect of PGPR inoculation on 
chlorophyll content was observed in canola (Jalili 
et al., 2009), wheat (Nadeem et al., 2010), mung 
bean (Ahmad et al., 2013), pea (Barnawal et al., 
2014), and soybean (Kang S. et al., 2014). In term 
of cultivars, either Red Rapid or Lollo Rossa, 
application 250 ml PGPR resulted in higher 
chlorophyll content than any other dosage. 
However, in general, Lollo Rossa produced higher 
chlorophyll content than Red Rapid at every 
PGPR dosage given. Highest chlorophyll content 
obtained from combining Lollo Rossa and 250 ml 
PGPR. 

Observation of chlorophyll (25 and 35 dap) 
and carotenoid (35 and 45 dap) content resulted 
differently. There was no interaction found 
between cultivars and PGPR dosages on 
chlorophyll and carotenoid content as presented 
in Table 2. However, the cultivars and various 
dosages of PGPR had significant effect 

respectively on chlorophyll content, while only 
cultivars had a significant effect on carotenoid 
content. 

Lollo Rossa had higher chlorophyll content 
than Red Rapid at 25 and 35 dap. In general, 
PGPR application resulted in higher chlorophyll 
content than control. According to the literature, 
the use of microbial inoculants (such as AMF) 
usually resulted in increasing chlorophyll content 
in host plants (Abdel-Fattah and Mohamedin 
2000; Zuccarini 2007; Vafadar et al. 2014). 
Baslam et al., (2011, 2013b) also reported that the 
symbiosis of lettuce with AMF increased the 
amount of chlorophyll in leaves. Kamran et al. 
(2017) also reported that PGPR inocculation (150 
μg/g, 250 μg/g and 500 μg/g) increased 
chlorophyll content by 13%, 24%, and 37% as 
compared to un-inoculated plants of E. sativa. In 
this study, we found that application 250 ml PGPR 
produced higher chlorophyll content than any 
other PGPR dosages at 25 and 35 dap 
consistently. 

 
Table 2. Chlorophyll and carotenoid content of red lettuce as affected by cultivars and various      
PGPR dosages 

Treatments Chlorophyll Content 
(mg.100g

-1
 FW) 

Carotenoid Content (mg.100g
-1

 FW) 

 25 dap 35 dap 35 dap 45 dap 

V1 (Red Rapid) 14,95 a 15,32 a 14,90 b 14,96 b 

V2 (Lollo Rossa) 16,77 b 17,04 b 12,97 a 13,59 a 

LSD (5%) 1,28 1,56 1,04 0,88 

P0 (control without PGPR) 7,74 a 8,93 a 13,31 14,54 

P1 (100 mL PGPR) 12,14 b 13,63 b 14,88 14,57 

P2 (150 mL PGPR) 16,89 c 16,18 bc 14,28 13,54 

P3 (200 mL PGPR) 19,03 c 19,29 c 12,86 14,73 

P4 (250 mL PGPR) 21,76 d 23,41 d 14,42 13,75 

P5 (300 mL PGPR) 17,61 c 15, 63 bc 13,87 14,52 

LSD (5%) 2,23 2,70 ns ns 
Mean followed by the same letter in a column is not significantly different (Tukey, P > 0.05). 

 
Table 3. Anthocyanin content of red lettuce as affected by cultivars and various PGPR dosages 

Treatments Total Anthocyanin Content (mg.g
-1

 FW) 

 25 dap 35 dap 45 dap 

V1 (Red Rapid) 3,55 b 5,71 b 6,88 b 

V2 (Lollo Rossa) 2,12 a 2,95 a 4,24 a 

LSD (5%) 0,71 1,17 0,88 

P0 (control without PGPR)  3,21 5,01 bc 5,12 a 

P1 (100 mL PGPR) 3,89 2,60   a 4,40 a 

P2 (150 mL PGPR) 3,45 6,49 bc 6,58 b 

P3 (200 mL PGPR) 3,28 6,56   c 9,45 c 

P4 (250 mL PGPR) 5,07 9,49   d 12,91 d 

P5 (300 mL PGPR) 3,77 4,46 ab 5,23 a 

LSD (5%) ns 2,03 1,52 
Mean followed by the same letter in a column is not significantly different (Turkey, P > 0.05)
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Carotenoid pigments can be located in 
chromoplasts, contributing to the color of 
vegetables and fruits, or in chloroplasts, where, 
together with chlorophylls, are involved in the two 
photosystems. In other word, carotenoid is an 
accessory pigment in photosynthetic machinery of 
plants. Carotenoids group and their derivatives, 
include about 70 compounds which present in 
most fruits and vegetables. Among carotenoid 
pigments identified in fruits and vegetables, β-
carotene is the most popular and widespread 
(Costache, Campeanu and Neata, 2012). 

In this experiment, carotenoid content 
observation resulted that Red Rapid produced 
higher carotenoid content than Lollo Rossa 
consistently at 25 and 35 dap. However, there 
was no effect of PGPR dosages on carotenoid 
content. On the other hand, several studies have 
shown that mycorrhizal inoculation (R. 
intraradices and F. mosseae) could be adopted to 
obtain lettuce plants enriched with carotenoids, 
chlorophylls and vitamins (Baslam et al., 2013a), 
although total phenolics were usually unchanged 
(Baslam et al., 2013b). Hart et al., (2015) 
demonstrated that inoculation of R. irregularis and 
F. mosseae alone or in combination could 
increase the antioxidant capacity and also 
carotenoid content in tomato compared to 
untreated plants. In other studies, a significant 
increase in β-carotene, lycopene and lutein 
contents were reported in greenhouse tomato 
when the substrate was treated with a microbial 
mix containing AMF, different bacteria and green 
compost (Copetta et al., 2011). 

Leafy lettuce cultivars generally have low 
calories, but they have different nutritional 
content. Red leaf lettuce,  for example, gets red 
color from a pigment called anthocyanin. 
Anthocyanins are the most important group of 
water-soluble pigments in plants, and they are 
regarded as important components in human 
nutrition due to their antioxidant capacities. These 
pigments are also responsible for the red and blue 
colors of many fruits and berries such as 
chokeberry, black currant and strawberry 
(Wojdyło, Oszmiański and Bober, 2008).  

Anthocyanin content was measured at 25, 35 
and 45 dap as presented in Table 3. There was 
no interaction found between cultivars and various 
PGPR dosages in anthocyanin content of red 
lettuce. However, cultivars and PGPR dosages 
had significant effect respectively on anthocyanin 
content. Red Rapid produced higher anthocyanin 
content than Lollo Rossa. PGPR dosages given 
above 150 ml resulted in higher anthocyanin 

content than control, while application of 250 ml 
PGPR produced highest anthocyanin content 
among other treatments. 

Nutritional enhancement by microbial 
biostimulants in particular mycorrhizal symbionts 
has been reported on several fruits and 
vegetables grown in a greenhouse. Avio et al., 
(2017) reported that antioxidant activity, phenolics 
and anthocyanins were more abundant in 
inoculated lettuce plants than in non-inoculated 
plants, with Rhizoglomus irregular showing 
stronger ability than Funneliformis mosseae. This 
finding indicated the importance of fungal strain 
effect on the production of phytochemicals. 
Castellanos-Morales et al., (2010) also 
demonstrated increasing phenolic acid, 
anthocyanins and flavonols (p-coumaric, 
pelargonidin-3-glucoside, quercetin and 
kaempferol) of greenhouse grew strawberries in 
response to AMF Glomus intraradices inoculation. 

The presence of pigments in plant tissues 
which produce various color to fruits and 
vegetables usually different among cultivars and 
species. In this experiment, the cultivars showed 
significant effect on all parameters observed. 
However, both cultivars had different 
performance. Lollo Rossa produced higher 
chlorophyll content, while Red Rapid had higher 
carotenoid and anthocyanin content. This showed 
that the synthesis and accumulation of bioactive 
compounds depend upon many factors, including 
genetic material, environmental/microclimatic 
conditions and crop management practices 
(Weston and Barth,1997). In most cases, the 
genotypic effect is the main determinant of 
quantitative and qualitative variation in health-
promoting metabolites in vegetables, often 
transcending the influence of cultural practices 
and environmental factors (Kyriacou and 
Rouphael, 2018; Rouphael et al., 2012a, 2016, 

2017c). Countless efforts have been made to 
improve the key phytochemicals by means of 
conventional breeding and genetic transformation, 
but the development of new cultivars with 
improved content in specific functional molecules 
is still at its infancy, with only a limited number of 
vegetable cultivars yet released at commercial 
level. Manipulation of health-promoting 
metabolites through environmental and agronomic 
factors could be posited as a meaningful 
compromise between effectiveness and safety. 
Hence, it attracts the interest of food and 
horticulture scientists and quells consumers’ 
concerns regarding genetically transformed and/or 
modified products (Kyriacou and Rouphael, 2018). 
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CONCLUSION 
The result showed that there was an 

interaction between red lettuce cultivars and 
various PGPR dosages on chlorophyll content at 
45 dap. Combining Lollo Rossa with  250 ml 
PGPR produced the highest chlorophyll content. 

On the other hand, no interaction found 
between red lettuce cultivars and various PGPR 
dosages on carotenoid and anthocyanins content. 
However, cultivars and PGPR dosages had a 
significant effect on anthocyanins content 
respectively, while only cultivars significantly 
affected carotenoid content. Red Rapid cultivar 
outperformed Lollo Rossa on both carotenoid and 
anthocyanin content observed. Application 250 ml 
PGPR produced the highest anthocyanins 
content. 
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