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Abstract 
An infusion was developed based on green romaine lettuce leaves and ba-
nana. Further, its sensorial acceptability was evaluated as a possible alterna-
tive treatment for insomnia. The romaine lettuces and bananas used were 
washed, chopped, dehydrated and ground. Optimal lettuce dehydration time 
was determined through charting the weight lost and examining the curve. 
This was found after 180 minutes at 60˚C. Two formulas were developed, the 
first with 1.1 g of dehydrated romaine lettuce and 0.2 g of dehydrated banana, 
and the second with 1.1 g of dehydrated romaine lettuce and 0.4 g of dehy-
drated banana. Sensory analysis was conducted using sorting tests for taste, 
aroma, paired preferences and intention to purchase. Tasters preferred the 
formula with a lower quantity of dehydrated banana. 85% of tasters indicated 
that they would buy this infusion due to its potential functional properties for 
overcoming insomnia. 
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1. Introduction 

Insomnia is a disorder that is related with low quality sleep patterns. It is very 
well known given that is affects almost 30% of the global population [1]. It can 
easily present in certain circumstances such as when high levels of stress are 
present, in pregnant women, or in individuals who have recently suffered losses 
in their family. Likewise, greater trends towards insomnia are seen to exist 
amongst females and individuals aged older than 65 years [2]. Suffering from 
this disorder can alter, to a large extent, the daily lives of affected individuals. 
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The most commonly seen effects are a decrease in productivity at work, tenden-
cies to have various “siestas” (naps) during the day, diminished academic per-
formance and behavioural problems [3]. 

It can be seen that research into and treatment of insomnia has gathered pace 
in recent years and become of great importance. This is due to the fact that in-
somnia is closely related with cardiovascular diseases [4], allergic rhinitis [5], 
type 2 diabetes [6] and thyroid disorders [7]. 

The most heard of utilised medications in the treatment of insomnia are ben-
zodiazepines, anti-depressants and anticonvulsants drugs. Nevertheless, the use 
of these medications can cause secondary effects such as drowsiness, headaches 
and a metallic taste in the mouth. In some cases, use may also lead to depend-
ence and a rebound effect of insomnia once use is discontinued [8] [9]. This has 
led to a surge in various non-pharmacological mechanisms such as sleep hy-
giene, relaxation therapy, sleep restriction therapy and consumption of foods 
that help bring about sleep, amongst others. These mechanisms are based on 
improving the duration and quality of sleep without causing secondary effects, 
thus providing an advantage over pharmacological mechanisms [3]. 

A strong interest into the consumption of fruits and medicinal plants which 
induce sleep has emerged, with consumption of these foodstuffs in their natural 
or processed forms (extracts, infusions, pills) currently being a common topic. 
The most known are camomile, valerian, passionflower, kiwi and banana. De-
spite this, certain vegetables exist which were formerly known for their sedative 
effects and capacity to induce sleep. An example of this is lettuce; this would be 
capable of stimulating sleep due to the content of the lactucin component which 
it possesses in its interior [10]. 

Lactucin is a sesquiterpene lactone which is present in lettuce and which con-
fers a bitter taste to this vegetable [11]. Lactucin content is not constant in all va-
rieties of lettuce; nonetheless, it has positive health effects [12]. Nevertheless, it 
has been seen that green leaf romaine lettuce is the species with the highest lac-
tucin content [13]. The mechanism of action of lactucin with regards to sleep 
disorders acts through the modification of ɣ-aminobutyric acid (GABA) levels 
and those of its receptors [14]. GABA is a neurotransmitter which is responsible 
for the inhibition-excitation balance of the human brain [15]. Medications that 
are used to treat insomnia such as benzodiazepines, increase the flow of GABA, 
enabling people to fall to sleep [16]. In various studies of individuals with de-
pression [17], bipolar disorders [18] and insomnia [19], significantly lower levels 
of GABA have been observed in comparison to healthy controls. 

Rats who were treated with both leaf extract and seeds from green leaf ro-
maine lettuce demonstrated a reduction in sleep latency and an increase in sleep 
duration, these both being desirable factors in individuals who suffer from in-
somnia [13]. Albino rats who were treated with pentobarbital and lettuce extract 
produced similar results, with latency decreasing and sleep increasing to a con-
siderable extent. For this reason, the researchers concluded that lettuce extract 
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strengthens the effect of pentobarbital in individuals with sleep disorders [20]. In 
the same way, use of romaine lettuce combined with Virginia skullcap (Scutel-
laria lateriflora) managed to increase sleep duration in rats by 50.9% in com-
parison to rats treated only with pentobarbital [19]. Pregnant women aged be-
tween 20 and 45 years old who suffered insomnia, were administered capsules 
containing 1000 mg of lettuce seeds. At the end of the research, it was deter-
mined that sleep quality had increased. This is of great importance due to the 
fact that medication use for insomnia can lead to premature births. This sup-
ports use of lettuce as a natural remedy to treat this disorder [21]. Likewise, in-
dividuals with insomnia who were administered pills containing 1000 mg of let-
tuce seed oil, achieved high percentage increases in sleep duration [22]. The ob-
jective of the present research was to develop an infusion based on green leaf 
romaine lettuce and banana, evaluating its sensory acceptability as a possible al-
ternative treatment for insomnia. 

2. Materials and Methods 
2.1. Vegetable Material 

The lettuces and bananas used in the present experiment were acquired from a 
supermarket in the city of Granada and later transported to laboratories be-
longing to the Innofood company. Green leaf romaine lettuce was used. The 
lettuces were received pre-washed, inside plastic packaging and ready for con-
sumption. 

The green leaf romaine lettuces were removed from their packaging, and clas-
sified according to size, and appearance or absence of defects. After washing the 
lettuces, the leaves were separated from the lettuce bud and dried at room tem-
perature. 

Further, the Cavendish variety of banana was used in its optimal state of 
maturation. In the same way, the bananas were classified according to size, and 
the appearance of absence of defects. 

2.2. Dehydration of Lettuces and Bananas 

Washed and dried leaves from the romaine lettuce were chopped and placed on 
dehydration trays made by the rational brand. A dehydration process was used 
that occurs in warm air at a temperature of 60˚C, with this temperature being 
selected in accordance with results obtained in previously conducted studies 
[13]. During this treatment, the romaine lettuces were weighed every 20 minutes 
until a constant weight was reached. 

In dehydrating the banana, the fruit was peeled and washed, cut into slices 
and later submerged in a 0.2% citric acid solution for 30 minutes. The dehydra-
tion method used utilised warm air, applying a temperature of 50˚C over 6 hours 
[23]. The parameters used in this dehydration procedure were based on results 
previously obtained in prior analysis [23]. 
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2.3. Infusion Formulation 

Dehydrated romaine lettuce leaves were ground in a Bosch ErgoMixx grinder. 
The same procedure was carried out with the pieces of dehydrated banana. 

Two formulations were used, in both cases the quantity of dehydrated ro-
maine lettuce was 1.1 g, following successful results obtained by various research 
studies with this quantity [13] [21]. In the case of banana, quantities were se-
lected with the aim of obtaining a pleasant taste and aroma for the consumer. 

2.4. Sensory Analysis 

Sensory analysis was conducted through two types of test; sorting and paired 
preference. In order to carry out these tests, 60 individuals were required who 
were given two glasses (formulation 1 and 2) containing 15 ml of the lettuce and 
banana infusion. Samples were coded with a four-digit code. 

In the sorting test, tasters were requested to place the tasted samples in de-
scending order with regards to their attributes of taste and aroma. A similar 
method was followed for the paired preference test, however, in this analysis 
tasters selected the sample for which they had the greatest preference and com-
municated whether they would be willing to buy it. 

The results obtained were analysed using tables presenting the minimum 
number of correct responses in order to establish significance at various levels of 
probability for preference tests following a binomial distribution. Significance 
level was set at p = 0.05. 

2.5. Packaging 

The sample showing the highest level of acceptance following performance of 
the sensory analysis was placed in food grade filter paper bags. Following this, 
packets of 20 bags containing the infusion were formed within cardboard boxes, 
with the bags being placed in rows. 

Finally, a logotype was designed and a name conceived for the romaine lettuce 
and banana infusion. Throughout this process the best ideas were analysed, 
which enabled appropriate discovery of the product type and the benefits offered 
by it. This process was carried out with the objective of achieving potential in-
troduction of the product into the relevant market. 

3. Results 
3.1. Dehydration of Romaine Lettuce and Bananas 

Romaine lettuce leaves demonstrated a notable reduction in weight during de-
hydration treatment. At the beginning of the trial the vegetable material had a 
weight of 500 g, following 180 minutes the lettuce leaves showed a weight of 
16.09 g. From this moment onwards, constant weight loss was evidenced which 
could be seen through the fact that continuous weight measurements were taken 
over a period of 60 minutes, during which time this parameter did not demon-
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strate any variation. 
Weight loss in lettuce leaves is related with the decrease in water content, a 

behaviour that is characteristic of the vegetable during dehydration treatment. 
The weight loss seen in romaine lettuce leaves during the dehydration process 
can be observed in Figure 1. 

Romaine lettuce leaves presented a water content of 95.77% prior to being 
subjected to the dehydration process, with this measurement being carried out 
with the help of a Sartorius MA35 thermobalance. Water content of the leaves 
decreased significantly over time under dehydration conditions, obtaining a 
mean of 9.43%. 

Dehydrating the banana showed that method used did not change bananas’ 
sensory properties. Bananas presented a water content of 81% prior to being 
subjected to the dehydration process, water content of the bananas decreased 
over time under dehydration conditions, obtaining a mean of 13%. 

3.2. Formulation of the Infusion 

The two formulations proposed at the beginning of this research paper, those 
being elaborated using 1.1 g of dehydrated romaine lettuce with 0.2 g and 0.4 g 
of dehydrated banana, respectively, had to be modified after conducting an ini-
tial sensory test in the Innofood laboratories. This modification was made be-
cause it was uncovered that the flavour and aroma of banana in the two formu-
lations could not be easily appreciated. For this reason, it was decided to proceed 
using scented banana powder ZI-895-665-9, which is property of the Givaudan 
company. 

Table 1 shows the percentages of scented banana powder used in each of the 
formulations. 7 tests were carried out on both formulation 1 and formulation 2, 
varying the aroma percentage from 0% (control) to 3% (final dosage). 

Use of scented banana powder is permitted for both of the formulations as 
Regulation (CE) N˚ 1334/2008 of the European Council and Parliament permits 
the use of aromas in foodstuffs, in cases that these aromas do not present any  

 

 
Figure 1. Weight loss curve for romaine lettuce. 
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risk to the health of consumers. It is recommended to follow manufacturer in-
structions with regards to the percentage used [24]. 

3.3. Taste Sorting Test 

Figure 2 presents the results of the taste sorting test. These verify that the tasters 
were able to differentiate the different flavour intensities of the two formula-
tions. This can be seen in the way that 57% of tasters considered that formula-
tion 2 had a stronger taste relative to formulation 1. This appreciation is related 
with the quantity of banana used, given that formulation 2 contained twice as 
many grams of banana as formulation 1. 

3.4. Aroma Sorting Test 

Through the aroma sorting test similar behaviours were evidenced to those pre-
sented in the taste test. Figure 3 shows that 55% of tasters identified a greater  

 
Table 1. Use of scented banana powder. 

Formulation 1 Formulation 2 

Sample Lettuce (g) Banana (g) Aroma (%) Sample Lettuce (g) Banana (g) Aroma (%) 

Control 1.1 0.2 0 Control 1.1 0.4 0 

1 1.1 0.2 0.1 1 1.1 0.4 0.1 

2 1.1 0.2 0.2 2 1.1 0.4 0.2 

3 1.1 0.2 0.3 3 1.1 0.4 0.3 

4 1.1 0.2 0.5 4 1.1 0.4 0.5 

5 1.1 0.2 1 5 1.1 0.4 1 

6 1.1 0.2 2 6 1.1 0.4 2 

7 1.1 0.2 3 7 1.1 0.4 3 

 

 
Figure 2. Taste sorting test. 

 

 
Figure 3. Aroma sorting test. 
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aroma intensity in formulation 2. Nevertheless, this rating is not likely to be ex-
plained solely by the quantity of banana used but also by the use of scented ba-
nana powder. 

3.5. Paired Preference Test 

Figure 4 shows the results of the paired preference test. From the data obtained 
it can be identified that 43 out of the 60 tasters chose formulation 1, or in other 
words, tasters preferred the sample with a lower intensity of banana flavour and 
aroma. The 43 positive responses given towards formulation 1 exceeded the 
minimum number of correct responses required to establish significance (39 af-
firmative responses). From this, it could be determined that this formulation was 
ideal for the elaboration of a romaine lettuce and banana infusion. 

In the case of the survey of intentions to purchase the product, tasters who 
would be willing to purchase formulation 1 were found to be in the same group 
as tasters who were willing to purchase formulation 2. A similar treatment was 
applied to those who would not be willing to purchase this infusion. As can be 
observed in Figure 5, 85% of tasters showed a strong interest in acquiring this 
infusion due to its potential properties for tackling insomnia. 

The 15% of individuals who stated that they would not be willing to buy this 
product remarked that the decision was based on their low consumption of 
products available from the infusion market as opposed to any sensory response. 
Indeed, they considered that the product presented excellent organoleptic prop-
erties. 

3.6. Label Design 

The colours black and green were used in the label design due to the fact that 
these colours give the impression of tranquillity and relaxation. LactuSleep was  

 

 
Figure 4. Paired preference test. 

 

 
Figure 5. Results from the intention to purchase test. 
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the name given to the infusion. The word Lactu alludes to the scientific name 
Lactuca and Sleep which refers to the power of the infusion for inducing sleep. 
Figure 6 presents the label developed for this product. 

3.7. Final Product 

The sensory analysis conducted enabled it to be determined that formulation 1 
was more acceptable to tasters and for this reason it was selected for elaboration 
of the final product. From this, we proceeded to fill food grade filter paper bags 
with 1.1 g of dehydrated romaine lettuce, 0.2 g dehydrated banana and 3% of 
scented banana powder. 

Packs of 20 units of these small bags were then placed inside cardboard boxes, 
with a label with the name “LactuSleep” being located on the extreme corner of 
each bag. Likewise, nutritional information for the infusion was developed, as 
can be seen in Table 2. 

 

 
Figure 6. Label for the LactuSleep infusion. 

 
Table 2. Nutritional information for the infusion. 

Nutritional Information 
Mean values per 100 ml of infusion 

Energy value (calories) 

Fats: 

Saturated 

Carbohydrates: 

Sugars 

Dietary fibre 

Protein 

Salt 

4 KJ/1Kcal 

0 g 

0 g 

0.1 g 

0 g 

0 g 

0 g 

0 g 
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4. Conclusion 

The measurement of weight loss in romaine lettuce leaves enabled determination 
of the suitable conditions for dehydration treatment, these being 60˚C over a pe-
riod of 180 minutes. These conditions do not cause any damage to the vegetable 
material. Banana use as an agent for improving the sensory characteristics of the 
romaine lettuce infusion was found to be successful. This was due to the fact that 
outcomes of sorting tests for both flavour and aroma showed that this fruit was 
easily identified, whilst also receiving good acceptability scores on behalf of tast-
ers. The paired preference test showed that 43 of the 60 tasters preferred the 
formulation that contained a lower quantity of dehydrated banana and for this 
reason it was used to elaborate the final product. The survey of intentions to 
purchase revealed that 85% of tasters were willing to purchase this infusion due 
to its functional properties in relation to insomnia. This percentage enables pre-
diction of the potential success of this product in the infusion market. 
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