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Data source: Food and Agriculture Organization of The United Nations, Statistics Division.

RICE: a staple food
Portugal: 17kg/person/year
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WHAT’S BUGGING YOU?
Sitophilus spp. cereal life cycle ± 28 DAYS
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4 5 Exit hole is made, from which it then
emerges the adult insect

The pupation process

Deposition of eggs inside the rice grain
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Favourable temperatures: 
25 to 30 °C

High relative humidity: 
70 to 80%
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• DETERMINATION OF CO2 
PRODUCTION METHOD

WHAT’S BUGGING YOU?
ISO 6339-4:1987 - Cereals and Pulses—Determination of Hidden Insect Infestation

• NINHYDRIN METHOD

NEGATIVE 
TEST

Free α-amino
group not present

POSITIVE 
TEST

Free α-amino
group present

• X-RAY METHOD

• FLOTATION METHOD

• ACOUSTIC METHOD

4

Optimizing COI Barcoding for molecular detection of hidden insect infestation in rice grains



2. 

1. 

3. 

4. 

5. 

WHICH INSECTS
ARE MORE IMPORTANT TO DETECT ?

Toju et al., Nature,  2013
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1. COI BARCODING
PRIMERS AND PROBES DESIGN

S. oryzae and S. zeamais mtDNA
Cytochrome oxidase subunit 1

COI

Compilation of DNA 
sequences from GenBank®
211 COI sequences of SO

40 COI sequences of SZ
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1. PRIMERS AND PROBES DESIGN

Sequence alignment and primer&probes design
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1. IN SILICO SPECIFICITY
PRIMER BLAST
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AGAINST INSECTS FROM COLEOPTERA ORDER
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Sitophilus zeamaisSitophilus oryzae

Hong et al., Journal of Asia-Pacific Biodiversity, 2018

INSECT PRE-IDENTIFICATION
GENITALIA MORPHOLOGY – SELECTING POSITIVE CONTROLS
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INSECT DNA EXTRACTION 
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Grinding whole
insects in a mortar

4h lysis at 56 °C Purified DNA extract

nzytech tissue gdna isolation kit
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qPCR 
PROTOCOL OPTIMIZATION   

Annealing
Temperature (°C)

Mean
Cq

Stand. 
Desv. Maximum RFU

64 29,99 1,71 LOW

62 29,35 1,15 MEDIUM

60 29,76 0,38 HIGH

58 29,59 0,14 HIGH

TEMPERATURE GRADIENT

11

Optimizing COI Barcoding for molecular detection of hidden insect infestation in rice grains

Annealing
Temperature (°C)

Mean
Cq

Stand. 
Desv. Maximum RFU

64 31,46 1,20 LOW

62 30,68 0,45 MEDIUM

60 29,76 0,40 HIGH

58 29,72 0,67 HIGH
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BEST PRIMER ANNEALING TEMPERATURE

60 °C

PCR CONDITIONS:
INITIAL DENATURATION: 95 °C (5 min)

40 Cycles - denaturation 95 °C (5 s); annealing + extension 60 °C (30 s); 

Total protocol time:55 min
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PRIMER EFFICIENCY

116% EFFICIENCY 
FOR SZ
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≈ 107% EFFICIENCY 
FOR SO
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IDEAL EFFICIENCY 
RANGE

90% 115%
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SPECIFICITY ASSAY
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Sitophilus zeamais

Sitophilus oryzae

Acheta domesticus

Tenebrio molitor

Rhyzopertha dominica

Stegobium paniceum

Tribolium confusum
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Sitophilus zeamais LoD plot

x

LoD=0,0005 ng of DNA per μL

Sitophilus oryzae LoD plot

x

LoD=0,0025 ng of DNA per μL

EXPERIMENTAL LIMIT OF DETECTION
OF THE qPCR
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EXPERIMENTAL LIMIT OF DETECTION
OF THE TECHNIQUE – RICE MATRIX

15

Optimizing COI Barcoding for molecular detection of hidden insect infestation in rice grains

75% OF RICE SAMPLES 
WERE POSITIVE AT LEAST FOR 
ONE OF THE STUDIED SPECIES
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78,58%

21,42%

Sitophilus spp. occurrence in supermarket 
rice samples

Sitophilus oryzae Sitophilus zeamais
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5. Sitophilus oryze LoD – on going

some associated limitations

x
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LoD=0,1 insect per rice kg

Sitophilus zeamais LoD plot

EXPERIMENTAL LIMIT OF DETECTION
OF THE TECHNIQUE – RICE MATRIX
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WHAT’S NEXT?

• OPTIMIZATION OF METHODOLOGY DETECTION LIMIT
STUDY OF OTHER GRIDING ALTERNATIVES (BEAD MILLS, CRIOTECHNIQUES)

• EXTEND THE SPECIES IDENTIFICATION PANEL
ANOTHER PREVALENT SPECIES: RHYZOPERTHA DOMINICA, TRIBOLIUM SPP.
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THANK YOU FOR YOUR ATTENTION!

ANY QUESTION?
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