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Impact of elicitors in the metabolism of bioactive compounds and sensory properties of
butterhead lettuce (Lactuca sativa var. capitata) cultivated by hydroponic method

Jestis Omar Moreno-Escamilla, Emilio Alvarez-Parrilla, Laura A. de la Rosa, Nina del R.
Martinez-Ruiz, José Alberto Nufiez-Gastélum, Gustavo A. Gonzalez-Aguilar, Joaquin
Rodrigo-Garcia - Universidad Auténoma de Ciudad Juarez (Mexico)

The use of different strategies on vegetable crops, such as elicitor application, with the
aim of increasing the content of bioactive compounds has taken great importance in
recent investigations. Different concentrations of arachidonic (AA) and salicylic acid
(SA), methyl jasmonate (MJ) and Harpin protein (HP) were used as elicitors in green and
red butterhead lettuce. Highest increase for polyphenols was observed in green and red
lettuce after treatment with MJ (90 pM). Carotenoids were raised by HP (60 mg/L) in
green lettuce, and by AA (45 uM) in red lettuce. Overall, MJ (90 uM) was the elicitor
with the highest effect on phytochemical concentration. HPLC-MS analysis indicated that
in green lettuce the main effect of elicitation was observed in the increase of
hydroxycinnamic acids and in red lettuce in flavonoids. Descriptive sensory analysis of
lettuce showed that elicitation did not significantly affect the organoleptic characteristics
of the lettuce samples.

Flaxseed: Comprehensive processing and high value products
Nam Fong Han, Huihuang Ding, Steve W. Cui - Natunola Health Inc. (Canada)

Flaxseed (Linum usitatissimum L.), one of the most economically important oilseed crops,
is also rich in dietary fibres, protein and lignans. The brown Canadian flaxseed has an
average of 41% oil, 28% total dietary fibre, 20% protein and 1% lignans. Flaxseed is
gluten free, a low GI food ingredient, and is among the richest vegan source of alpha-
linolenic acid in the North American diet. Flaxseed dehulling process into several value-
added products and functionality of flaxseed dietary fibres as prebiotics will be presented.
The results showed that flaxseed dietary fibres are comparable with psyllium fibre, which
can promote gut health and enhance the immune systems.
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IMPACT OF DIFFERENT ELICITORS ON BIOACTIVE COMPOUNDS
AND SENSORY PROPERTIES IN HYDROPONIC BUTTERHEAD
LETTUCES (LACTUCA SATIVA VAR CAPITATA)

Dr Joaquin Rodrigo-Garcia

Dr Jesus Omar Moreno Escamilla

Dr Emilio Alvarez Parrilla

Dra Laura A de |la Rosa

=<
Dr. Gustavo Gonzalez Aguilar %K

[T Dra Nina del Rocio Martinez Ruiz y
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l

Butterhead lettuce= soft texture and most
appreciated sensory properties by

consumers
(Yosof, 2015; FAO, 2010; Moreno-Escamilla et al., 2018; Liu et al., 2007; Llorach et al., 2008; Chu et al., 2002; Arzu et al., 2009; Zlotek et al., 2014)



Introduction

pa—

* Peptides
Exogenous elicitors —= ¢ Proteins
» Fatty acids

By their origin —= —

Endogenous elicitors —= * Phytohormones
* Alginate oligomers

Elicitors == s,
S pr—

* Released by plant enzymes
* Formed and released by M.O.

Biotic elicitors —

By their nature = —

* UV light
- Abiotic elicitors = ¢ Temperature
h— * Physical or chemical origin

—

(Schreiner et al, 2005; Ramakrishna & Ravishankar, 2011; Moreno Escamilla et al., 2018)




Introduction

 Efeccts reported of some elicitors

Elicitor Plant response

M Flavonoids (Perez-Balibrea, 2011)

Salicilyc acid ‘N Phenolic, PAL activity (Jian-ye, 2006)

‘MAntocianins (Saavedra, 2016)

Metil jasmonate /N Flavonoids (Perez-Balibrea, 2011)

N Ascorbic acid. Antioxidant enzymes (Bestwick, 2011)

Harpin protein ‘N Phenolic content antioxidant activity, PAL expression gene (Navarrete,
2014)

Arachidonic acid N Phenolic, Ascobic acid, Antioxidant activity (Zlotek, 2014; Zlotek, 2011)

Hydric stress N PAL, y-TMT gene expression (Oh, 2009)

Temperature ‘N Antocianins, Flavonoids y Ascorbic acid. Antioxidant activity (Boo, 2011)




Introduction

Preharvest Modulation of Postharvest Fruit
and Vegetable Quality

CH APTE R 3 2018, Paces 71-91

Effect of Elicitors in the
Nutritional and Sensorial Quality
of Fruits and Vegetables

Jesls O. Moreno-Escamilla*, Emilio Alvarez-Parrilla®,
Laura A. de la Rosa*, José A. Nunhez-Gastélum?¥,
Gustavo A. Gonzalez-Aguilar**, Joaquin Rodrigo-Garcia*

Elicitor > t Phytochemicals
Defense response
activation
A \ s ..
Elicitor  Variety concentration Time of Pathways activation
application Q)  Sensory properties

(Yosof, 2015; FAO, 2010; Moreno-Escamilla et al., 2018; Liu et al., 2007; Llorach et al., 2008; Chu et al., 2002; Arzu et al., 2009; Zlotek et al., 2014)



Selection day of application of elicitor

Green and red lettuce

Seeded Harvested
(Day 1) (Day 60)
Day Day Day Day Day
45 53 55 57 59
 Randomly ditistributed \ J
*  Relative moist=40-60% !
e Temperature= 25°C One application
Green Butterhead lettuce ’ Clontrol o * Phenolic compounds
* Acido araquiddnico (90 uM) « Total flavonoids
*  Metil jasmonato (90 uM) « Ascorbic acid
* Acido salicilico (90 uM) « Carotenoids
Red Butterhead lettuce * Proteina Harpin (120 mg/L) « Antocianins

* Antioxidant activity

P "

(Kovacik et al., 2009; Zhu & Zhang, 2016; Ztotek et al., 2014)



CHROMATOGRAPHIC ANALYSIS

* HPLC-ESI-QTOF-MS

COLORIMETRIC ANALYSIS

1. Fenolic compounds (Folin-Ciocalteu)
2. Flavonoids (AICE) * Bomba cuaternaria
3. Ascorbic acid (DNPH) * lonizacion por electrospray (ESI)
4. Total carotenoids (Acetona) * lonizacion negativa
5. Anthocyanins (pH) * (A) water (0.1% formic acid)
* (B) Acetonitrile

6. Antioxidant capacity (DPPH) (B) _

— 0-4 min, 90% A,
7. Antioxidant capacity (FRAP) — 4-6 min, 70% A,
8. Antioxidant capacity (ABTS) — 6-8min, 62% A,

— 8-8.5 min, 40%A
— 8.5-9.5 min, 90% A.
* 0.4 mL/min

* Mass spectra was measure from
m/z 100 to m/z 1700.



Table 1. Phytochemical content related to application day of elicitor in butterhead lettuce samples.

Treatment Total Phenolics Flavonoids Ascorbic acid Carotenoids
(mg EAG /g¥) (mg EC/g*) (mg ASC/g*) (mg B-carotene/g*)

AA 37.61 £ 5.44a 21.39+1.042 3.58 £0.19p 3.38 £ 0.362

AS 32.41+4.332 18.54 + 2.152 3.85+£0.122b 2.82+0.102

Day PH 15 MJ 33.41 £ 3.709 21.69 +3.942 3.67 £ 0.04ap 2.88 £ 0.602
PH 33.37 £1.772 2216 +2.722 3.98+£0.112 3.26 +0.472

C 35.57 £ 1.992 22.92 + 2.242 3.47 £ 0.19b 3.08 +0.38°2

AA 37.74 £ 1,912 21.25 + 0.80° 3.67 £ 0.28ab 3.19 £ 0.30av

AS 35.91+1.812 21.01 £ 0.38° 3.45 +0.274eb 3.52+0.11°

Day PH 7 MJ 31.96 + 1.56° 19.09 + 2.80bc 3.03 £ 0.25° 3.22 + 0.19%
PH 35.41 £ 1.21ab 36.66 = 1.71° 413 +0.252 2.49 + 0.35b

C 32.04 +1.31> 14.62 + 2.23¢ 4.03+0.28° 3.02 + 0.152b

AA 34.09 + 1.102 38.36 £ 0.522 3.35+0.08p 3.34 + 0.442

AS 31.81 +£0.872 19.63 £ 2.03¢ 3.81+£0.162° 2.61+0.212

Day PH 5 MJ 31.65+ 1.48a 26.28 + 1.66P 4.06 +0.142 2.94+0.282
PH 31.24 £ 0.80p 28.68 £ 2.01b 3.98 £ 0.25° 2.87 +£0.55%

C 30.57 £ 0.38p 17.82 £ 0.48¢ 4.03+0.2728 2.83+0.152

AA 34.84 £ 0.722 31.26 + 2.882 3.72+0.23p 2.62+0.192

AS 33.26 £ 2.112 16.67 + 0.50¢° 3.95+£0.32° 2.56 + 0.262

Day PH 3 MJ 31.41 £ 3.022 15.96 + 1.52¢ 3.95+0.090 2.57+0.34®
PH 34.08 +2.382 19.38 £ 0.73¢ 4,32 +£0.422b 3.22+0.192

C 33.77 £2.73¢ 25.91 + 2.36° 4.89+0.22° 2.93+ 0452

AA 32.31+2.53¢ 34.79 + 4.092 3.42+0.13¢ 3.05+0.67°

AS 32.21+£0.222 19.22 + 1.58b 3.60 £ 0.09pc 2.31+0.172

Day PH 1 MJ 31.02 +£2.892 30.79 +0.432 4.34 +£0.342b 249+ 0.162
PH 29.66 + 0.122 18.49 + 2.36° 3.89 + 0.08abe 2.99+ 0472

C 31.51 £ 1.9592 26.82 + 5.532b 447 +£0.532 2.35+0.392

Los valores representan la media + DE de tres repeticiones. AA, dcido araquiddnico; AS, acido salicilico; ASC, acido ascérbico; EAG, equivalentes de acido galico; EC,
equivalentes de catequina; MJ, metil jasmonato; PH, proteina Harpin; C, control; PC, precosecha; * g de muestra PS. Letras diferentes indica la diferencia entre el

tratamiento y el control (rociado de agua destilada) en el mismo dia de aplicacién previo a la cosecha (p<0.05).




Table 2. Phytochemicals content related to application day of elicitor in red Butterhead lettuce samples.

Treatment Total phenolics Flavonoids Antocianins? Ascorbic acido Carotenoids
(mg EAG /g¥) (mg EC/g*) (mg ASC/g*) (mg B-carotene/g*)
AA 53.34+2.12 36.56 + 1.16° 3.85+0.222 6.05+0.262 6.16 £ 0.172
AS 51.17 + 0.882 38.26 + 3.94° 4.99 +0.192 5.59 + 0.352b 6.15 + 0.252
Day PH 15 MJ 44.81 + 3.31bc 31.10 £ 0.94° 2.57 £ 0.30° 5.72 + 0.922b 6.91 + 0.64°
PH 49.70 + 2.11ab 33.96 + 0.0420 3.25 £ 0.25> 4.90 +0.332b 6.73 £ 0.592
C 39.89 + 2.68¢ 30.64 + 1.65 2.95+0.18° 4.36 +£0.39° 5.59 + 0.06°
AA A2 19201 5 JoTo JE S NS A forzoz2ze, o s»®rx0;lT——GET O
AS 44.08 £ 1.192 34.63 + 3.952 4.07 £0.580 5.43 £ 0.27°2 6.35 + 0.362
Day PH7 MJ 46.51 + 3.822 33.89 + 3.002 4.09 £ 0.55 5.20 + 0.582 7.18 + 0.492
PH 47.98 + 1.882 36.34 + 1.562 5.27 +£0.272 5.34 £ 0.292 6.80 + 0.252
C 46.05 £ 4.142 36.15+ 5.67°2 4.27 +0.25¢%b 6.11 +0.42° 6.38 + 0.252
AA 48.23 +£2.36 38.98 +1.702 3.84 £0.1320 4.54 £ 0.400 7.71+0.112
AS 46.24 +1.692 40.98 + 5.06° 4.66 + 0.442 6.10 £ 0.152 7.54 +0.392
Day PH 5 MJ 4454 £0.75°2 41.14 £2.942 2.75+0.33° 4.60 +£0.45° 6.60 + 0.57°
PH 36.65 + 3.92ab 34.48 + 0.742 3.12+£0.71° 4.52+0.23° 6.61 + 0.592
C 42.37 +4.002 41.97 +£2.022 3.06 + 0.23p 5.02 £0.19p 7.07 £ 0.062
AA 4425 +2.10° 37.03+4.182 3.61+£0.282 5.38 £0.18° 5.89 + 0.622°
AS 45.83 + 1.542 41.21+1.882 3.82+0.15° 5.10£0.31b 6.71+0.372
Day PH 3 MJ 4471 +£2.22° 36.31 +4.592 4.41+048° 6.65+0.532 4.97 + 0.400
PH 40.94 + 3.88? 37.46 + 2.602 3.71+£0.732 5.50 £ 0.472b 5.47 + 0.502b
C 4211 + 3.69°2 37.22 +1.37° 4,27 £ 0.202 5.12 + 0.55Pb 6.75+ 0.57°2
AA 45.07 £ 3.70% 4548 + 3.052 4.09+0.080 5.53+0.320 5.42 + 0.16P
AS 45.21 £ 8.022 35.45 4+ 2.14b 3.91 £ 0.69° 6.89+0.212 5.65 + 0.352°
Day PH 1 MJ 48.58 +7.242 51.69 + 3.51° 4.85+0.352 5.94 + 0.302b 6.46 + 0.302
PH 48.97 +4.26 51.80 + 5.30° 5.91+0.632 7.08 £0.79°2 5.86 + 0.462>
C 44.21 +4.352 43.65 + 2.142> 4.46 + 0.65P 5.18 + 0.46P 6.24 + 0.33%

Los valores representan la media + DE de tres repeticiones. AA, acido araquiddnico; AS, acido salicilico; ASC, acido ascérbico; EAG, equivalentes de acido galico; EC, equivalentes de catequina;
MJ, metil jasmonato; PH, proteina Harpin; C, control; PC, precosecha; * g de muestra PS. # mg de cianidin 3-rutinosido/g de PS. Letras diferentes indica la diferencia entre el tratamiento y el

control (rociado de agua destilada) en el mismo dia de aplicacidn previo a la cosecha (p<0.05).
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HIGHER IMPACT OF ELICITORS ON PREHARVEST DAY 7 FOR GREEN LETTUCE SAMPLES

\ HIGHER IMPACT OF ELICITORS ON PREHARVEST DAY 15 FOR RED LETTUCE SAMPLES )

WOULD IT BE REFLECTED ON ANTIOXIDANT ACTIVITY?
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Table 3. Correlations between phytochemicals and antioxidant
capacity for green lettuce on preharvest day 7.

Variables TPC TF ASC CAR TEAC DPPH FRAP

CFT 1 0.410 0.189 0.061 0.714 0.251 0.893
FT 0.410 1 0.418 -0.724 0.649 0.984 0.363
ASC 0.189 0.418 1 -0.707 -0.234 0.360 -0.077
CAR 0.061 -0.724 -0.707 1 -0.063 -0.762 0.302
TEAC 0.714 0.649 -0.234 -0.063 1 0.591 0.745
DPPH 0.251 0.984 0.360 -0.762 0.591 1 0.227
FRAP 0.893 0.363 -0.077 0.302 0.745 0.227 1

Los valores en negrita son diferentes de 0 con un nivel de significacion alfa=0.05

HIGH CORRELATION BETWEEN PHENOLIC

CONTENT AND DPPH, FRAP

SAME BEHAVIOUR BETWEEN TOTAL

FLAVONOIDS AND DPPH

Figure 1. Antioxidant capacity for green butterhead lettuces after elicitors treatment. ABTS (A), DPPH (B) and FRAP (C). * means
significance differences between treated sample and control.



Table 4. Correlations between phytochemicals and antioxidant capacity

for red lettuce on preharvest day 15.

Variables  TPC TF ASC CAR ANT TEAC DPPH FRAP

CFT 1 088 0715 0294 0719 0881 0.774 0.259
FT 0.884 1 0564 -0.055 0940 0.748 0.692 0.650
ASC 0.715 0.564 1 0420 0278 0669 0.723 0.077
CAR 0.294 -0.055 0.420 1 -0178 0.004 0.639 -0.300
ANT 0.719 0940 0.278 -0.178 1 0523 058 0.810
TEAC 0.881 0.748 0.669 0.004 0.523 1 0421 0.009
DPPH 0.774 0692 0723 0.639 0.589 0421 1 0424
FRAP 0.259 0.650 0.077 -0.300 0.810 0.009 0.424 1

Los valores en negrita son diferentes de 0 con un nivel de significacion

alfa=0.05

HIGH CORRELATION BETWEEN PHENOLIC

CONTENT AND TEAC

ANTIOXIDANT CAPACITY EXPLAINED BY PHENOLIC
CONTENT

Figure 2. Antioxidant activity for red butterhead lettuce after elicitor treatment. ABTS (A), DPPH (B) and FRAP (C). * means

significant differences between treated samples and control.
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Phenolic compounds profile

A7 )

mUA
w

minutos

B)

mUA

r f ) y 0 aanTaw
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Figure 2. Chromatograph (HPLC-MS) of phenolic compounds detected at 320 nm in butterhead lettuces control green (A)
and red (B).



Phenolic compounds profile

Table 5. Phenolic profile identified in butterhead lettuce treated with elicitors

- ) Green lettuce Red lettuce
Peak tg (min) [M-H Proposed molecule

R (min) [ ] P AA AS MJ PH AA AS MJ PH
163.

1 0.34 133.05 Not identified -3.5 5.9 59 118 150.0 155.6 150.0 9
2 1.02 311.11 Caffeoyl tartaric acid 7.5 425 -10.0 125 -304 130 -4.3 -4.3
3 149  353.16 Chlorogenic acid -9.1 545 -473 -91 =71 28.6 =71 14.3
4 2,67  353.16 Chlorogenic acid isomer 429 -286 -571 -524 -225 50 -34.0 -5.0
5 4.00 473.11 Chicoric acid 182  -91 0.0 364 0.0 76.5 41.2 294
6 4.15 473.11 Meso dicaffeoyl tartaric acid -286 -214 -71 -286 -314 0.0 -8.6 14.3
7 4.35 461.1 Luteolin-7-glucoside nd nd nd nd 20.0 50.0 0.0 10.0
8 4.60 505.2 Not identified -200 26.7 -200 333 125 375 0.0 12.5
9 4.70  515.22 Isochlorogenic acid 40.0 1375 0.0 50.0 0.0 55.6 -5.6 22.2

*Aplicacién precosecha del inductor: verde 7 dias y roja 15 dias. Valores negativos representan una disminucién respecto al control (1)

HIGH PRESENCE OF CHLOROGENIC ACID DERIVADED
PRESENCE OF LUTEOLIN IN RED LETTUCES

Llorach et al., 2008, Abu-Reidah et el., 2013)
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Effect of elicitor concentration

» Seeded, elicitor application and harvest of lettuce

Green and red lettuce
Seeded Harvest

(Day 1) (Day 60)

* Random design
*  Relative humidity = 40-60%
*  Temperature= 25°C

—_

* Arachidonic acid
* Salicylic acid
* Methyl jasmonate
(15, 45 and 90 puM)

Green Butterhead lettuce
(Pre-harvest day 7)

Effect of elicitor

* Harpin protein — -
(30, 60 and 120 mg/L) In lettuce
Red Butterhead lettuce "
(Pre-harvest day 14) ater

e Control Lettuce per group=5




COLORIMETRIC ANALYSIS

Phenolic compounds(Folin-Ciocalteu)

Flavonoids (AICI3)

Total carotenoids (Acetone)

W

Anthocyanins (pH)

CHROMATOGRAPHIC ANALYSIS

* HPLC-ESI-QTOF-MS

 Gradient:
* Binary pump —~ 0.00=10% B
* lonizacion por electrospray (ESI) — 8.00=100% B
* lonizacién negativa — 9.50=100% B
« (A) Water (0.1% formic acid) - 9.60=10%8
* 0.4 mL/min

* (B) Methanol (0.1% formic acid)
* Specter was measure from m/z 100 to

m/z 2000.



Concentration of Phytochemical

A) B)
HP 120 mg/L HP 120 mg/L
HP 60 mg/L HP 60 mg/L
HP 30 mg/L HP 30 mg/L
MJ 90 M *kkdk MJ 90 M *kkk
MJ 45 M MJ 45 M
MJ 15 M MJ 15 M
SA90 M SA90 ;M
SA45 M SA45 M
SA15 M SA15 M
AA90 ;M AA90 M
AA45 M AA45 M
AA15 M AA15 M
Water Water
Control Control :
NN - S
mg GAE /g DW mg CE/g DW
C)
HP 120 mg/L
HP 60 mg/L *%
HP 30 mg/L *
MJ 90 .M *kkk
MJ 45 \M
MJ 15 M
SA90 M *
SA45 M
SA15 M
AA90 M *
AA45 M *k
AA15 M
Water
Control
N Vv 1 © L)

mg p-carotene equivalents/ g DW

Figure 3. Effect of elicitors on phytochemical content in green Butterhead lettuce.

Phenolic compounds (A), Total flavonoids (B) and total carotenoids (C). AA: Arachidonic acid; AS:
jasmonate; PH: Harpin protein; EAG: Galic acid equivalent; EC: Cathechin equivalent

MJ 90 um ENHANCED CFT,

FT, CT

HIGHER EFFECT ON
FLAVONOIDS

Salicylic acid; MJ: Methyl




PCA ANALYSIS FOR GREEN BUTTERHEAD LETTUCE

2 T TABLE 6. Proporciones y eje vectores de la varianza
AS 4 explicada por dos componentes principales.
s S AN A dsum o cP1 cP2
y (74%) (18.8%)
A M i -

. S90uM - o, 60mg/IC Total phenolics 0.571 0.613
Flavonoids 0.625 -0.108

W il Carotenoids 0.533 0.783

0,5 .

CP1= Hydrophilic compounds

FT CP2= Lipophilic compounds

CP2 (18.87 %)
o

MJ 45uM

-0,5 o
AA 15
1 4
CFT
. PH 60 mg/L MAINLY AFFECT CT
15 MJ 15uM .1 AS 15uM
PH 120mg/L
5 1 MJ 90 uM IMPACT CFTY FT
-2 -1,5 -1 -0,5 0 0,5 1 1,5 2 2,5

CP1 (74.09 %)

Figure 4. PCA analysis for elicitor effect onto phytochemical in green Butterhead lettuce. AA:
Arachidonic acid; AS: Salicylic acid; MJ: Methyl jasmonate; PH: Harpin protein; C: Control; W:
water; CFT: Total phenolic compounds; CT: Total carotenoids; FT: Total Flavonoids.




MJ 90 um ENHANCED
CFT, FT, CT

CT WAS RISEN BY AA 45
m

LOWER RESPONSE

THAN GREEN
BUTTERHEAD
LETTUCES
® % % & % 98 9 N v > © ® o
mg B-carotene equivalents/ g DW mg of cyanidin 3-rutinoside/g DW

Figure 5. Effect of elicitors on phytochemical in red Butterhead lettuces.
Total phenolic (A), Total flavonoids (B), Total carotenoids (C) y Total anthocyanins (D). AA: Arachidonic acid; AS: Salicylic acid; MJ:
Methyl jasmonate; PH: Harpin protein; EAG: Galic acid equivalent; EC: Catechin equivalent




PCA ANALYSIS FOR RED BUTTERHEAD LETTUCE

cT Table 7. Proporciones y eje vectores de la varianza explicada

45uM por dos componentes principales.
15 MJ 45uM ) CP1 CP2  CP3
AA 1540 (40.8%) (32.6%) (23.2%)
1 1 Total phenolic 0.732 0.190 -0.162
PH 30mg/L AS 15uM Flavonoids 0552 -0.530 -0.317
05 1 ' As45uv CFT carotenoids 0.237 0.817 -0.026
9 MJ 15uM - Anthocyanins 0.321 -0.124 0.934
n 0 *
‘.Q_ .
8 . W ANT CP1= Hydrophilic compounds
E -0,5 C T 0 .
a CP2= Lipophylic compounds
3 PH 120mg/L AA 90pM
. FT
-1,5 1 PH 60mg/L
AA 45 uM MAINLY ENHANCED CT
2 AS 90ptM
MJ 90 uM ENHANCED CFT Y ANT
-2,5 L
-2 -1,5 -1 -0,5 0 0,5 1 1,5 2

CP1 (40.84 %)

Figure 6. PCA analysis for elicitor effect onto phytochemical content in red Butterhead lettuce.
AA: Arachidonic acid; AS: Salicylic acid; MJ: Methyl jasmonate; PH: Harpin protein; C: Control;
W: Water; ANT: Total anthocyanins; CFT: Total phenolic content; CT: Total carotenoids; FT: Total
Flavonoids.
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ldentificacion de compuestos fendlicos

A
) S 47 COMPUESTOS EN LECHUGA VERDE

s;;
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B) oL ma e m LA e e s T R s e e s e e Cuadro 8: .Compuefto fendlicos identificados para
s cada familia de polifenoles.
Lechuga Lechuga
kL verde roja
. /L Antocianinas 0 1
E T et 51\ T T s T Bl m I Eh T s Cumarinas 1 1
Figura 7. Cromatograma (HPLC-MS) de compuestos fendlicos con Flavonoles 9 18
dgteccic’m UV a 320 nm de lechuga mantequilla control verde (A) y Flavonas 0 1
roja (B).
Flavan-3-oles 0 1
Taninos hidrolizables 1
ANALISIS SEMICUALIATIVO Ac. Hidroxibenzoicos 11 12
MASA EXACTA Ac. Hidroxicinamicos 25 24

100% ABUNDANCIA PICO EN CONTROL




Analisis de componentes principales

Cuadro 9. Proporciones y eje vectores de la varianza

2,5 - . PR
PH120 explicada por dos componentes principales.
5 1 CP1 CP2
(46.6%) (35.1%)
15 1 Cumarinas -0.211  0.646
AA45C0umarinaS Taninos Flavonoles 0.622 0.158
1 PHG; {  jhidrolizables Taninos hidrolizables 0.177  0.591
< : JQOP"BO Ac. hidroxibenzoicos 0.386  -0.429
«~ 0,5 Te . .. . . ., .
= AS90 Ac. Hidroxicinamicos Ac. hidroxicindmicos 0.622  0.158
® ° . Flavonoles
N 0 ° AALS
o °
(&] AS45 w
05 MJ45 1 .
MJ15
Ac.
1 L Hidroxibenzoicos
15 aao0 0 C . .
AS15
) L
-2 -1,5 -1 -0,5 0 0,5 1 1,5 2 2,5

CP1 (46.64 %)

Figura 8. Anadlisis de componentes principales para evaluar el efecto de inductores
de respuesta de estrés sobre el perfil de fenoles en muestras de lechuga roja. AA,
Acido araquidénico; AS, Acido salicilico; MJ, Metil jasmonato; PH, proteina Harpin;
C, Control; W, Agua..




V4 ° . ° °
Analisis de componentes principales
Cuadro 10. Proporciones y eje vectores de la varianza
2 PH120 explicada por dos componentes principales.
1,5 + Ac. PH60 AA90 CP]. CPZ CP3
c hidroxibenzoicos . (37.9%) (22.3%) (17.8%)
' : T Antocianinas -0.292 -0.520 -0.016
0,5 PH30 1 Cumarinas 0.368 -0.424 -0.158
MJ45 : SA45
~ . A Flavonoles 0350 -0.134  0.623
9
g s MJQG | 45:|avan Fl?)vonoles Flavonas -0.169 -0.434 -0.555
PN . . Flavonoles 0.553 -0.096 -0.138
~ s A15
oo MJ15 An\{(\écianinas Flavonas Coumariia Ac. Hidroxibenzoicos 0.088 0.577 -0.442
15 Ac. Hidroxicindmicos 0.561 -0.037 -0.255
-2
-2,5 1 .AA15
3
-2 -1,5 -1 -0,5 0 0,5 1 1,5 2

F1 (37.97 %)

Figura 9. Andlisis de componentes principales para evaluar el efecto de
inductores de respuesta de estrés sobre compuestos fendlicos en muestras
de lechuga roja. AA, Acido araquidénico; AS, Acido salicilico; MJ, Metil
jasmonato; PH, proteina Harpin; C, Control; W, Agua..




Seeded, elicitor application and harvest

Green and red Butterhead
Seeded Harvest

(Day 1) ( Day 60)

Green Butterhead lettuce
(Pre-Harvest day 7)

* Control Effect of elicitors in sensory properties
* Methyl jasmonate (90 uM)
* Harpin protein (60 mg/L) ___
Red Butterhead lettuce Phytocemical stability during commercial life

(Pre-Harvest day 15) (0, 1,2,y 3 week at 4°C)

* Total phenolic | )
* Anthocyanins A
* Carotenoids

* Control
* Arachidonic acid(45uM)
* Methyl jasmonate (90 uM)




Sensory analysis

e Spectrum method
* 9 trained panelist (Professor from UACJ)

1. Odor 6. Wettability

2. Colour 7. Crispyness

* Atributes — 3. sweetness 8. Astringency
4. Acidity 9. Freshness

i Bitterness 10. Brightness

* ANOVA \ !

e Standard



Sensory analysis in green Butterhead lettuce

General intensity

Sweet
A) 60 B) 100
50 . .
Brigthness 80 Bitter
Citric First Impression 60
. 40 //
—C Color intensity /g > ‘ Acid - C
—8— M) 90 uM \ == M) 90 uM
HP60mg/L ‘ / HP 60 mg/L

Moi st Grass Firmness \, Astringency

Crispness Water-like
Freshness

Figure 13. Sensory profile of Green Butterhead lettuce after elicitor treatment. A) Odor and propused atributes
B) Flavor, tactile in mouth, tactile, and view sensory attributes (p>0.05). MJ (90 uM); PH (60mg/L).

(Park et al,., 2009; Alsadon et al, 1993; Oliveira et al., 2013; Zlotek et al., 2014)



Sensory analysis in red Butterhead lettuce

G lintensit Sweet
eneral intensity 120
A) 50 B)
Brigthness 100 Bitter
40 80
. 30 . . 60
Citric First Impression
2 /\40
Color intensitymes==" 2M Acid e C
10 ——(
0 === \1) 90 uM
0 === \1] 90 puM
AA 45 uM
AA 45 uM
Firmness Astringency
Moi st Grass
\/ Crispness Water-like

Freshness

Figure 14. Sensory profile of Red Butterhead lettuce after treatments. Odor and propused attributes (A) and
attributes not related with odor(B) (p>0.05). MJ (90 uM); AA (45 uM).

(Park et al,., 2009; Alsadon et al, 1993; Oliveira et al., 2013; Zlotek et al., 2014)



e Main attributes

BITTERNESS
WATERLIKE

CRISPYNESS

Phenolics rose
10-20%

BITTERNESS > NO PERCEPTION CHANGES )

STEVENS LAW

Our results suggested that these elicitor may be used to enhance phytochemicals witout
any changes in sensory perception:

Green Butterhead lettuce (MJ 90 uM y PH 60 mg/L)
Red Butterhead lettuce (MJ 90 uM y AA 45 uM)

(Stevens, 1970; Soto-Vaca et al., 2012; Soares et al., 2013; Gutiérrez-Rosales et al., 2003)



Stability of phytochemical during shelflife green lettuce

o ‘; 15
7 ~ —h—
—*= PH 60 mg/L @ PH 60 mg/L
= MJ 90 um t - MJ 90 uM
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Figure 15. Efecto de inductores de respuesta de estrés en la estabilidad de fitoquimicos en lechuga verde.
Efecto en el contenido de compuestos fendlicos totales (A) y carotenoides totales.

PHENOL CONTENT WAS KEPT ABOVE CONTROL LEVELS

NO SIGNIFICANT CHANGES FOR CAROTENOQIDS

(Moreno-Escamilla et al., 2017; Kim et al., 2007; Llorach et al., 2008; Chu et al., 2002; Arzu et al., 2009)



Stability of phytochemical during shelflife red lettuce

A) B)

=2
80 - n 15+
AA 45 M o * % . AA 45 mM
(]
-
: o N - MY 90 uM 3 MJ 90 mM
A (]
-o-
a -8— Control o 104 Control
o 3
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< 40 «.,
o :
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>
o
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Figure 16. Concentracion de fitoquimicos durante un periodo de

almacenamiento de muestras de lechuga roja tratadas con inductores de
* AA 45 M respuesta de estrés Concentracién de compuestos fendlicos totales (A) y
carotenoides totales (B) y antocianinas (C).

15
o * = MJ90 uM
10 -&— Control

5 MJ KEPT PHENOLS LEVELS ABOVE CONTROL ALMOST

WHOLE SHELFLIFE

) " Weeksw ; CAROTENOIDS ENHANCED BY AAY MJ

(Moreno-Escamilla et al., 2017; Kim et al., 2007; Llorach et al., 2008; Chu et al., 2002; Arzu et al., 2009)

mg @-caroten equivalents/g DW
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Mecanismo de accion de inductores

PLANT CELL

ABA Elicitor
UL interactions
CVtOD|asm JA cGMP
JAZ o
SA 26SPD Ca

SMS

‘MAPKs
Chloroplast = GENE
‘ EXPRESSION
‘NPR1, TGAS
EDSPs | | npr1 Nucleus
. Complex
g : TF 4 MRNA - Transcripts
Mitochondria Enzymes

Secondary metabolite synthesis (SMS)




Activacion de SAR y HR en plantas

Virus . .
Effector ~|: Bacteria AVT penes Elicitors
Fungi

Pathogen cell {}
surface

/ V)
i
Plant cell Elicitor receptor N
surface site HR
SAR
+ Signal T ’L‘
CEI_] . transduction .
recognition pathways pr  Phytoalexins Primary
proteins Chitinases immune
'\ ,‘\ / response of
plants
i I S—

FicURE 1: Primary immune response of plant in plant-pathogen interaction.



Inductores que activan SAR

@ COOH COOCH,
COOH

OH 0 0
A B c
COOH COOH COOH
HO 0 0 0
OH O\ oH OH
OH
OH | Ix OH
D

Flgure 10.8. Compounds putatively involved in systemic defense signaling.
(A) salicylic acid; (B) jasmonic acid; (C) methy]l ester of jasmonic acid; (I oligogalacronides
(X=2-0); (E) ethvlene; (F) abscisic acid; (G) arachidonic acid; (H) systemin.



Esquematizacion de distribucion de tratamiento

e Completamente al azar

L4 1

L A0

000

L4 L

Q0®

000




Efecto de inductores en perfil sensorial

Intensidad General Dulce
60 120
50 Brillo 100 Amargo
40 80
Citrico 30 Primera impresién 60
2Q g0
—CLV Intensidad Color ( . Acido —CLy
el C|LR e C|L R
Hum edad Hierba Firmeza Astringencia
Crocante Hum ectabilidad

Fresco

Perfil sensorial de lechuga mantequilla verde y roja control. A) Olor y descriptores propuestos y B) atributos
sensoriales de sabor, tactil en boca, tactil y vista (p>0.05).

(Llorach et al. 2008; Park et al,., 2009; Alsadon et al, 1993; Oliveira et al., 2013; Zlotek et al., 2014)








