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                     Abstract 
 LC ESI Q-TOF metabolomic profi ling of pomegranate ( Punica   granatum  Linn.) fruit peel (PFP) aqueous extract was per-

formed to elucidate the possible metabolites present in the PFP, which could be responsible for its acaricidal property against 

two-spotted spider mites ( Tetranychus   urticae ). Effi  cacy of PFP aqueous extract has also been evaluated against aphids ( Mac-
rosiphum   roseiformis ), thrips ( Scirthothrips   dorsalis ) as important sucking pests of ornamental rose and for two generalist 

predators of these pests viz.,  Coccinella   septumpunctata  and  Orius   insidiosus . Toxicity bioassays PFP at 24 h showed high-

est value of lethal concentrations  LC 50  for aphids (876 mg/ml) followed by thrips (57 mg/ml) and the least for spider mites 

(4.5 mg/ml), which shows its high toxicity for spider mites. UHPLC-QTOF/MS analysis has confi rmed of several standard 

and new compounds including presence of genistein, rutin, 2-hydroxy-5-methylquinone, limonene, quercetin 3- O -glucoside, 

myricetin, kaempferol and alpha-pinene. Kaempferol, quercetin and myricetin confi rmed high toxicity towards all the three 

pests tested. PFP is a biodegradable eco-friendly source that has a promising role in the management of spider mites on roses. 

   Keywords      Punica   granatum     ·  Flavonoids    ·  Plant extracts    ·  Metabolomics    ·  Natural pest management    ·  Botanical 

insecticides  

      Introduction 

 Roses (Family: Rosaceae) are cherished for their beauty 

and scent. Rosaceae comes third after peas (Fabales) and 

grass (Poaceae) as the largest plant family with respect to 

the distribution and its economic importance (Aff eld  2014 ). 

The rose plant is susceptible to attack by several species 

of insects and mites including aphids, thrips, scale insects, 

spider mites, chafer beetles, gram caterpillar, slug caterpil-

lar, castor semilooper (Bhutani and Dadlani  1983 ; Gupta 

 2013 ). An array of synthetic chemicals is available for pest 

management on rose. However, emphasis needs to be laid 

on economically safe approaches. Among such approaches, 

plant extracts are established as eco-friendly, have less 

impact on non-target organisms and are biodegradable 

compounds. Some plant extracts are highly selective and 

specifi cally aff ect the pest populations without aff ecting their 

predators (Smitha and Giraddi  2006 ). 

 Plant extracts like lemon oil, bakain leaf  (Melia   aza-
darach) , neem ( Azadirachta   indica)  oil and leaf extract 

(Fiaz et  al.  2012 ) and kalmegh ( Andrographis   panicu-
lata ) (Singh et al.  2014 ), showed repellent and phagode-

terrent eff ect for  Thrips   tabaci . Extracts of  Allium   sativum  
(Dhembare et al.  2011 ),  Carica   papaya  (Gupta et al.  2020 ), 

 Azadirachta   indica,   Achillea   santolina,   Salvia   offi  cinalis,  
 Thymus   vulgaris  and  Senecio   vernalis  were found toxic to 

aphids (Ateyyat et al.  2012 ; Sohail et al.  2012 ). In addition, 

acaricidal activity against spider mites was also evaluated 

and reported for diff erent plant extracts (Reddy et al.  2009 ). 

  Punica   granatum  (Punicaceae family) is natively 

from India and Iran (Holland and Bar-Yaakov  2008 ) and 
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commonly known as pomegranate. In India it is cultivated 

mainly in Maharashtra state and the small-scale planta-

tions are also found in states like Andhra Pradesh, Haryana, 

Gujarat, Karnataka, Punjab, Rajasthan, and Uttar Pradesh 

(Sharma and Dhillon  2002 ; Mir et al.  2012 ). Pomegranate 

has also been found to have insecticidal (Gandhi and Pillai 

 2011 ; Mohammad  2012 ), acaricidal (Abo-Moch et al.  2010 ; 

Al-Yousuf et al.  2010 ) and antifeedant property (Gupta and 

Kumar  2021 ). 

 To the best of our knowledge, we are the fi rst to report 

that many compounds having insecticidal properties are pre-

sent in the aqueous extract of pomegranate fruit peel. This 

study preferred aqueous extraction method of fruit peel com-

ponents which is largely because of its translational value 

owing to being cost eff ective, producible, more stable and 

less toxic and ease of adoption by end users as compared 

over other organic solvents. A fl ood of information is present 

in literature which shows usage of many organic solvents 

viz; n-heptane, methanol, ethanol, acetone etc. against vari-

ous insect/mite pest in agriculture however, aqueous extracts 

of pomegranate have not been reported against these insect 

pests of rose. 

 In present study the use of pomegranate fruit peel aque-

ous extract (PFP) was elucidated against economically seri-

ous pests (aphids, thrips and spider mites) of an ornamen-

tally important crop,  Rosa   hybrida . In addition, metabolomic 

profi ling was performed to elucidate the metabolites present 

in the PFPAE, which could be responsible for its insecticidal 

property. Also, individual fl avonoids and their mixture were 

tested against these pests and  LC 50  values were calculated. 

These observations will be helpful in developing a biora-

tional pest management system with possibilities of incor-

porating plant extract in ornamental greenhouse crops. This 

research holds signifi cance in economic and eco-friendly 

pest control as pomegranate fruit peel is just a waste product 

and can be obtained by poor farmers at very cheap rates from 

juice industries for further use. 

    Materials and methods 

   Insects/mite material 

 Natural populations of rose aphids ( Macrosiphum   rosei-
formis ), thrips ( Scirthothrips   dorsalis ) and two spotted spi-

der mites ( Tetranychus   urticae ) were collected from rose 

garden of Panjab University (Chandigarh, India) as and 

when available and needed for the experimentation. In addi-

tion, two generalist insect predators viz., lady bird beetle; 

 Coccinella   septumpunctata  and Minute pirate bug;  Orius  
 insidiosus,  were collected from mustard fi elds nearby to 

Chandigarh. 

    Plant material 

 Tea hybrid rose plants,  Rosa  sp. were bought from nursery 

(Bagia nursery, Sector 25, Chandigarh) in April 2016 and 

allowed to grow in earthen pots (3 gallon) using normal cul-

tural practices in an open space outside the Zoology Depart-

ment, Panjab University, Chandigarh, India. Pomegranate ( P.  
 granatum  Linn.) fruits of variety ‘ Kandhari   Kabuli’ , were 

brought from the local market ( mandi ) and were sent to the 

Department of Botany, Panjab University, Chandigarh for 

identifi cation and a catalogue number (8583) was obtained. 

    Components tested (” avonoids) 

 Three fl avonoids Kaempferol, Quercetin and Myricetin were 

purchased from Sigma- Aldrich India with catalogue num-

bers 60010, Q4951 and M6760 respectively. 

    PFPAE preparation for�bioassays 

 Pomegranate fruit was cleaned with distilled water and then 

with pure ethanol and then peel was removed with the help 

of cutting knife. Fruit peel was air dried to get rid of extra 

water. For preparations of extract, 100 g of dried peel was 

taken in mixer-grinder along with 250 ml of distilled water 

and ground for 5 min slowly. It was then sieved through 

a muslin cloth. This original concentration was labelled X 

(0.4 g/ml). Further, fi ve serial dilutions (making half the 

concentration taken each time serially) were made to obtain 

0.5X, 0.25X, 0.125X, 0.0625X and 0.03125X, respectively. 

Each extract was kept in the refrigerator for further use only 

up to 7 days and after that it was discarded. Fresh extract 

was made for further experimentation. The above prepara-

tion was used for effi  cacy assay. For all three fl avonoids the 

highest concentration tested was 1 mg/ml (X1) and further 

fi ve serial dilutions were made (making one tenth the con-

centration taken each time serially) the concentrations made 

were labeled as X2, X3, X4, X5, X6 respectively. Similarly 

for mixture 1 mg of each fl avonoid was mixed in one ml of 

distilled water and then further serial dilutions were made 

accordingly. For predatory insects bioassay only high-

est three concentrations X, 0.5X and 0.25X were taken of 

PFPAE extract and three replications were made along with 

one untreated control treatment. 

    PFPAE preparation for�LC ESI Q-TOF MS/MS analysis 

 Pomegranate was washed with distilled water and ethanol. 

PFP were kept in the oven for 6–7 days at 50 °C. Dried 

material was ground to powder in a mixer grinder. 100 g of 

dried material was mixed with 400 ml of distilled water. It 
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was kept soaked for 24 h and then mixed gently in a grinder 

for 5–7 min. After straining through a muslin cloth, these 

extracts were sieved through fi lter paper (Whatman fi lter 

paper 125 mm). The fi ltrate obtained was lyophilized for 

about 1 week period until the solution became semisolid and 

then was preserved in capped glass vials in a deep freezer 

(− 20 °C) for further use. 

    E�  cacy bioassays 

   Leaf dip bioassays for pests and predators 

 Methods of performing these bioassays were followed 

from Gupta et al. ( 2017b ). Compound rose leafl ets were 

collected and washed thoroughly with water. These were 

treated with above mentioned six concentrations (X1–X6) 

of PFPAE extract and fl avonoids. After air drying, these 

treated leafl ets were kept in a petridish (90 × 15 mm). For 

control treatment leafl ets were washed with water only. Ten 

insects/mites (aphids, thrips and spider mites) were released 

in each petridish. Observations on number of aphids, thrips 

or spider mites that dead were obtained at 24, 48 and 72 h 

after the release. For each experiment, three replications 

were planned, and three biological replicates were done at 

diff erent dates (Sample size (n) = 90 insect/mites for each 

concentration). Insects/mites were judged to be dead if they 

did not respond to prodding with a camel hair brush or slight 

heating under the table lamp. In addition, a ×10 capacity 

of lens/binocular microscopes were used for proper iden-

tifi cation of live and dead spider mites. Median lethal dose 

 (LC 50 ) values were calculated by the computer programme 

POLO-PC (Copyright LeOra Software 1987). For bioas-

says of predators, LBB and MPB the same procedures were 

followed. Six lady bird beetles and minute pirate bug were 

released in each petridishes. In addition, immature stages of 

aphids were given to these predators as feed in each petridish 

and provided  ad-libitum . Observations on number of insects 

survived were recorded at 24 and 48 h after release. For each 

experiment three replications were planned. Data were ana-

lyzed by all replicates combined with ANOVA and means 

were compared using Tukey’s HSD test; data were analyzed 

for homogeneity using Welch’s tests (JMP SAS  2005 ). 

     Determination of�metabolites by�quadrupole 
time-of-” ight mass spectrometry (UHPLC-QTOF/MS) 

 For LC ESI Q-TOF MS/MS analysis PFP aqueous extract 

sample was fi rst fi ltered by 0.2 micron fi lter and then sepa-

rated by RP (reverse phase) chromatography. Metabolite 

separation was carried out using UHPLC Agilent Technolo-

gies 1290 infi nity system with TCC (thermal column com-

partment) and an auto sampler. For chromatographic elution 

process, an Agilent’s Zorbax Eclipse plus C18 RRHD (rapid 

resolution high defi nition) analytical column (2.1 × 50 mm, 

95 Å, particle size 1.8 micron) was used. 1.5 μl of sample 

was injected into the system for LCMS analysis. The column 

compartment temperature was kept at 35 °C, and the room 

temperature was maintained at 21 °C. Metabolite separation 

was performed using gradient elution process of solvent A 

(90% water, 10% ACN, 0.1% FA) and solvent B (90% ACN, 

10% water, 0.1% FA) ranging a gradient program of 95% A: 

5% B at 0 min, 60% A: 40% B at 4.5 min, 40% A: 60% B at 

8 min, 20% A: 80% B at 10 min, 100% B at 12 min, 50% A: 

50% B at 13 min, 95% A: 5% B at 14 min, with the fl ow rate 

maintained at 200 μl/min. Then, for the equilibration and 

washing of the column, methanol was injected and processed 

by the same gradient before the next injection to avoid any 

cross contamination. 

 Analysis and interpretation of untargeted metabolomics 

data was performed with Agilent MassHunter™ qualitative 

analysis software version B.05.00, using its three diff erent 

algorithmic features viz., Recalibration, Molecular feature 

extraction MFE and Molecular formula generation MFG. 

The extracted accurate mass list was uploaded in two diff er-

ent publically available metabolite and tandem MS databases 

of METLIN and PMN (Plant Metabolic Network- PlantCyc). 

These are most comprehensive database for metabolite char-

acterization and contains validated information, generated 

using experimental high resolution mass spectrometry, accu-

rate mass, and tandem MS data. Metlin also includes links 

to several other databases. Masses, as defi ned by the MFE, 

were searched against both the databases within a very nar-

row mass tolerance window of 2 ppm. Selection and iden-

tifi cation was done for those metabolites which were com-

monly present in both METLIN and PlantCyc. Further to 

confi rm the identity only those features of the metabolites 

were considered whose raw MS/MS precisely matched with 

the METLIN MS/MS spectral library and assigned a MET-

LIN score value. MS data of those metabolites which were 

not found in METLIN library were then applied to qualita-

tive analysis software Agilent MassHunter™ for empirical 

molecular formula generation. 

    ChemMine analysis methodology 

 Clustering of metabolites by their physiochemical and struc-

tural properties is an effi  cacious approach for correlating the 

structure of compounds with their activities. To meet this 

objective an online service ChemMine web tool was used 

for analyzing metabolites by physiochemical similarities. 

ChemMine provides a clustering toolbox which includes 

hierarchical clustering, multidimensional scaling (MDS) 

and binning clustering. In this toolbox only hierarchical 

and MDS allows the “all against all” similarity clustering 

on the basis of some structural descriptors and similarity 
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and listed in Table  3 . Additionally, two more compounds 

(pelletierine and quercetin 3- O -glucoside) were extracted 

from the database on the basis of their high abundance in 

the extract and either of the above two parameters to impart 

confi dence. However, these two compound were present 

only in METLIN database. Among these 33 + 2 metabolites 

genistein, rutin, 2-hydroxy-5-methylquinone, limonene, 

quercetin-3- O -glucoside, myricetin, kaempferol-3- O -beta-

 D -galactoside, kaempferol-3-glucoside-7-rhamnoside, 

kaempferol-3-rhamnoside-7-glucoside, (−)-alpha-pinene 

  Table 2       Average percentage survival (± SEM) of Lady bird beetle and Minute pirate bugs released on rose leaves treated with three concentra-

tions of pomegranate fruit peel aqueous extract (PFPAE) by leaf dip method  

 Means in the same column followed by diff erent letters are signifi cantly diff erent, Student’s t LSD test, α = 0.05 

  Treatment    Average % survival  

  Lady bird beetles    Minute pirate bugs  

  24 h    48 h    24 h    48 h  

  PFPAE (0.25X)    100 ± 0.0a    100 ± 0.0a    75.6 ± 7.3ab    57.7 ± 8.5b  

  PFPAE (0.5X)    94.4 ± 3.7a    91.7 ± 4.2a    68.9 ± 7.5bc    42.2 ± 7.7b  

  PFPAE (X)    100 ± 0.0a    97.2 ± 2.8a    51.1 ± 5.9c    42.2 ± 7.0b  

  Control    100 ± 0.0a    100 ± 0.0a    96.7 ± 5.1a    96.7 ± 2.3a  

  F (df), P trt (ANOVA)    2.6 (3,38), 0.0703    2.8 (3,38), 0.0525    11.7 (3,38), < 0.0001    18.4 (3,38), < 0.0001  

  F (df), P trt (Welch)    NS    NS    19.5 (3,15.5), < 0.0001    15.2 (3,31.9), < 0.0001  

  Fig. 1       Total ion chromatogram of pomegranate fruit peel extract. 

TIC of PFPAE and blank corresponding to a retention time of 0.5 to 

5.5 min. The full chromatogram for the entire method is highlighted 

in the inset. Molecular formula of metabolites identifi ed in PFPAE 

and common in Metlin and PlantCyc databases have been depicted 

corresponding to the retention time  
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and alpha-pinene, are 11 metabolites which have proven 

insecticidal properties, and been reported to be present in 

the diff erent plant extracts or non-aqueous solvent extracts of 

pomegranate (Kotkar et al.  2002 ; Zhou et al.  2011 ; Ateyyat 

et al.  2012 ).                  

    MDS and�hierarchical clustering 

 MDS and hierarchical clustering was performed with 35 

highly confi dent metabolites, 11 of which are reported 

for insecticidal property in literature in other extracts 

(Fig.   3 ). There was significant structural proximity 

observed amongst the rest 24 with these 11 known can-

didates particularly for group 5 and 4: While limonene 

and pinenes known to possess insecticidal property were 

together in group 5; kaempferol 3-glucoside-7-rhamno-

side, kaempferol 3-rhamnoside-7-glucoside, rutin also 

known to possess insecticidal property and were together 

with luteolin 7-neohesperidoside in group 4. Group 3 also 

showed compounds isoorientin, bracteatin 6- O -glucoside, 

luteolin 7-glucoside, aureusidin 6- O -glucoside, and gen-

istin which showed signifi cant grouping with kaempferol 

3- O -beta; - D -galactoside and quercetin 3- O -glucoside 

reported to have insecticidal properties in other extracts. 

  Fig. 2       Mass spectra of pomegranate fruit peel extract. Mass spectra 

of UHPLC PFPAE extract corresponding to ( A ) 0.85–2.85 min and 

( B ) 2.56–5.44 min retention window. Metabolites identifi ed in pome-

granate fruit peel aqueous extract both in Metlin and PlantCyc data-

bases and confi rmed on the basis of MSMS match, or MFG algorithm 

have been highlighted. The compounds reported in the literature for 

insecticidal attributes have been marked with an asterisk  
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  Table 3       List of metabolites 

identifi ed in PFPAE common in 

Metlin and PlantCyc databases  

  S. no.    MSMS    Retention time    Name    Mass    Molecular 

formula gen-

erated  

  1    NO    0.950     L -1-Pyrroline-3-hydroxy-5-carboxylate    129.0    C5H7NO3  

  2    NO    0.994    Gamma-Coniceine    125.1    C8H15N  

  3    NO    1.092    (+)-Gallocatechin    306.1    C15H14O7  

  4    NO    1.092    Leucocyanidin    306.1    C15H14O7  

  5    NO    1.456    2,4-Dihydroxybenzoic acid    154.0    C7H6O4  

  6    NO    1.456    3,5-Dihydroxybenzoic acid    154.0    C7H6O4  

  7    NO    1.515    2-Hydroxy-5-methylquinone *     138.0    C7H6O3  

  8    NO    2.037    1-Hydro-1,1a-dihydroxy-9-fl uorenone    214.1    C13H10O3  

  9    NO    2.578    Bracteatin    302.0    C15H10O7  

  10    NO    2.578    Tricetin    302.0    C15H10O7  

  11    NO    2.782    Bracteatin 6- O -glucoside    464.1    C21H20O12  

  12    NO    2.927    Lacinilene C    246.1    C15H18O3  

  13    NO    2.976    Kaempferol 3-glucoside-7-rhamnoside *     594.2    C27H30O15  

  14    NO    2.976    Kaempferol 3-rhamnoside-7-glucoside *     594.2    C27H30O15  

  15    NO    2.976    Luteolin 7-neohesperidoside    594.2    C27H30O15  

  16    NO    3.158    Aureusidin 6- O -glucoside    448.1    C21H20O11  

  17    NO    3.158    Isoorientin    448.1    C21H20O11  

  18    NO    3.158    Kaempferol 3- O -beta- D -galactoside *     448.1    C21H20O11  

  19    NO    3.158    Luteolin 7-glucoside    448.1    C21H20O11  

  20    NO    3.578    Alpha-Terpinene    136.1    C10H16  

  21    NO    3.578    (±) Limonene *     136.1    C10H16  

  22    NO    3.578    (−)-Alpha-Pinene *     136.1    C10H16  

  23    NO    3.578    (E)-beta-ocimene    136.1    C10H16  

  24    NO    3.578    (Z)-beta-ocimene    136.1    C10H16  

  25    NO    3.578    Alpha-Pinene *     136.1    C10H16  

  26    NO    5.227    Alpha-curcumene    202.2    C15H22  

  27    NO    0.901    Lotaustralin    261.1    C11H19NO6  

  28    NO    0.905    Conhydrinone    141.1    C8H15NO  

  29    NO    0.905    Hygrine    141.1    C8H15NO  

  30    NO    0.905    Pseudotropine    141.1    C8H15NO  

  31    NO    1.452    Phloroglucinol    126.0    C6H6O3  

  32    NO    1.457    1-Phenylethyl acetate    164.1    C10H12O2  

  33    NO    1.733    (±)-Dalbergioidin    288.1    C15H12O6  

  34    NO    1.733    2,6,7,4\′-Tetrahydroxyisofl avanone *     288.1    C15H12O6  

  35    NO    1.733    3,4,2\′,4\′,6\′-Pentahydroxychalcone    288.1    C15H12O6  

  36    NO    1.733    Dihydrokaempferol    288.1    C15H12O6  

  37    NO    1.733    Eriodictyol    288.1    C15H12O6  

  38    NO    1.898    (−)-Catechin    290.1    C15H14O6  

  39    NO    1.898    cis-3,4-Leucopelargonidin    290.1    C15H14O6  

  40    NO    2.027    Phthalate    166.0    C8H6O4  

  41    NO    2.037    2\′-Hydroxydaidzein    270.1    C15H10O5  

  42    NO    2.037    5,7,3\′-Trihydroxyisofl avone *     270.1    C15H10O5  

  43    NO    2.037    Sulfuretin    270.1    C15H10O5  

  44    NO    2.567    Kaempferol 3,7-diglucoside    610.2    C27H30O16  

  45    NO    2.567    Kaempferol 3- O - beta;- D -gluco-

syl-(1- > 2)-&beta;- D -glucoside  

  610.2    C27H30O16  

  46    NO    2.567    Quercetin 3-rhamnoside-7-glucoside *     610.2    C27H30O16  

  47    NO    2.709    5-Deoxystrigol    330.1    C19H22O5  

  48    NO    2.709    Gibberellin A51-catabolite    330.1    C19H22O5  
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 Metabolites 1–26: Software Generated molecular formula (only on the basis of msms) matched with data-

base available formula. But MSMS is not present in METLIN 

 *Metabolites already known to have insecticidal properties from other extracts 

  a    Metabolites 72–84: msms not acquired because of less abundance however msms was available in MET-

LIN 

  b    Metabolites 85–92: means MSMS acquired and also matched with METLIN and generated some score 

Table 3    (continued)
  S. no.    MSMS    Retention time    Name    Mass    Molecular 

formula gen-

erated  

  49    NO    2.813    7-Hydroxy-2\′,4\′,5\′-trimethoxyisofl avone *     328.1    C18H16O6  

  50    NO    2.813    9-Demethylmunduserone    328.1    C18H16O6  

  51    NO    2.816    (−)-trans-Carveol    152.1    C10H16O  

  52    NO    2.816    (−)-trans-Isopiperitenol *     152.1    C10H16O  

  53    NO    2.816    (+)-Camphor    152.1    C10H16O  

  54    NO    2.816    (+)-cis-Isopulegone    152.1    C10H16O  

  55    NO    2.816    (+)-trans-Carveol    152.1    C10H16O  

  56    NO    2.816    Carveol    152.1    C10H16O  

  57    NO    2.816    Dihydrocarvone    152.1    C10H16O  

  58    NO    2.816    Geranial *     152.1    C10H16O  

  59    NO    2.816    Limonene-1,2-epoxide    152.1    C10H16O  

  60    NO    2.816    Neral    152.1    C10H16O  

  61    NO    2.816    Perillyl alcohol    152.1    C10H16O  

  62    NO    3.127    3-Hydroxy-beta-ionone    208.1    C13H20O2  

  63    NO    3.329    Isovitexin    432.1    C21H20O10  

  64    NO    3.591    Afzelechin    274.1    C15H14O5  

  65    NO    3.591    Epiafzelechin    274.1    C15H14O5  

  66    NO    4.087    Fagopyritol A3    666.2    C24H42O21  

  67    NO    4.087    Fagopyritol B3    666.2    C24H42O21  

  68    NO    4.087    Lychnose    666.2    C24H42O21  

  69    NO    4.431    (+)-Pinoresinol    358.1    C20H22O6  

  70    NO    4.431    (+)-Pinoresinol    358.1    C20H22O6  

  71    NO    5.292    2-Mercaptobenzothiazole    167.0    C7H5NS2  

  72    YES a     0.905    Ala-Gly    146.1    C5H10N2O3  

  73    YES a     0.905     D -Glutamine    146.1    C5H10N2O3  

  74    YES a     0.905     L -Glutamine    146.1    C5H10N2O3  

  75    YES a     1.457    eugenol *     164.1    C10H12O2  

  76    YES a     1.457    Isoeugenol *     164.1    C10H12O2  

  77    YES a     1.969    ANETHOLE    148.1    C10H12O  

  78    YES a     2.019    (±)-Taxifolin    304.1    C15H12O7  

  79    YES a     2.816    (S)-(−)-Perillyl alcohol    152.1    C10H16O  

  80    YES a     3.522    4-Hydroxycoumarin *     162.0    C9H6O3  

  81    YES a     3.522    UMBELLIFERONE    162.0    C9H6O3  

  82    YES a     4.087    Maltotetraose    666.2    C24H42O21  

  83    YES a     4.087    Stachyose    666.2    C24H42O21  

  84    YES a     4.431    Matairesinol    358.1    C20H22O6  

  85    YES b     0.905    Tropine    141.1    C8H15NO  

  86    YES b     1.009     L -Phenylalanine    165.1    C9H11NO2  

  87    YES b     2.037    Genistein *     270.1    C15H10O5  

  88    YES b     2.328    Myricetin *     318.0    C15H10O8  

  89    YES b     2.567    Rutin *     610.2    C27H30O16  

  90    YES b     3.329    Genistin    432.1    C21H20O10  

  91    YES b     3.329    Vitexin    432.1    C21H20O10  

  92    YES b     3.591    Epiafzelechin(2R,3R)(−)    274.1    C15H14O5  
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The compounds in group 1 and 2 however showed consid-

erable grouping in both MDS and hierarchical clustering 

within them, with only one compound reported to have 

insecticidal property, which is myricetin in group 2.         

     Discussion 

 Effects of PFP aqueous extract seemed promising with 

respect to pests of  Rosa  spp. Results of toxicity bioassays 

against pests proved that PFPAE has acaricidal property and 

also had moderate toxicity towards aphids and thrips. The 

percentage mortality in all the cases was directly propor-

tional to the increase in the concentration and the exposure 

time of treatment (Supplementary Figs. 1, 2 and 3). On 

the basis of  LC 50  values (Table  1 ) PFPAEs showed high 

toxicity towards spider mites at all the time of exposure. 

However for aphids it was less toxic and for thrips it was 

moderately toxic at 48 and 72 h after exposure. Mixtures of 

all three fl avonoids showed 100 times more toxicity to thrips 

(0.0018 mg/ml) and spider mites (0.0019 mg/ml) in compar-

ison to aphids (0.61 mg/ml) at 24 h observation time. This 

proves that fl avonoids exhibit more toxicity to spider mites 

and thrips than aphids. In case of PFPAE, similar pattern 

of mortality have been observed as spider mites are highly 

susceptible among these three pests and showed least  LC 50  

values at all the time of observations. Interestingly, PFP did 

not show any toxic eff ect for predators LBB. However, MPB 

were highly susceptible to PFPAE, and this extract is not 

compatible with this predator. 

 The results obtained conform to Abo-Moch et al. ( 2010 ), 

where effi  cacy of crude extracts (96% ethanol) of seven 

pomegranate ( P.   granatum  L.) accessions was evaluated 

against the carmine spider mite  Tetranychus   cinnabarinus , 
under controlled conditions. Acaricidal activity of pome-

granate was proven by Al-Yousuf et al. ( 2010 ) with the phe-

nolic extract of pomegranate at 1% concentration leading 

to 70% mortality in adult spider mite at 72 h of treatment. 

  Fig. 3       Multidimensional scaling of 35 metabolites identifi ed in pome-

granate fruit peel aqueous extract both in Metlin and PlantCyc data-

bases and confi rmed on the basis of MSMS match or MFG algorithm. 

Group 1: 2,4-dihydroxybenzoic acid; 3,5-Dihydroxybenzoic acid; 

Group 2: (+)-Gallocatechin, Leucocyanidin, Myricetin, Tricetin, 

Bracteatin, Epiafzelechin; Group 3: Isoorientin, Bracteatin 6- O -glu-

coside, Luteolin 7-glucoside, Quercetin 3- O -glucoside, Aureusi-

din 6- O -glucoside, Kaempferol 3- O -,beta; - D -galactoside, Genistin; 

Group 4: Kaempferol 3-glucoside-7-rhamnoside, Rutin, Kaempferol 

3-rhamnoside-7-glucoside, Luteolin 7-neohesperidoside; Group 5: 

Limonene, alpha-Pinene, (−)-alpha;-Pinene. The compounds reported 

in literature for insecticidal attributes have been made bold and 

marked with an asterisk. 0.6 Tanimoto similarity cut off  was used to 

generate 3D scattered plot by item-item distance matrix  
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    Conclusion 

 For the fi rst time we are reporting the toxic eff ect of PFP 

aqueous extracts against spider mites. In this study, UHPLC-

QTOF/MS analysis has confi rmed of several standard and 

new compounds. Indian native plants and plant parts are 

source of biologically active agents that may have a promis-

ing role in the management of various insect pests and can 

be safe, biodegradable eco-friendly and natural insecticidal 

agent. 

                  Supplementary Information     The online version contains supplemen-

tary material available at   https:// doi. org/ 10. 1007/ s43538- 021- 00028-3    .  
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