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Considerations about the gap between research in  
near-infrared spectroscopy and official methods and 
recommendations of analysis in foods 
Giacomo Squeo1, Jordi Cruz2, Davide De Angelis1,  
Francesco Caponio1 and José M Amigo3,4   

Near-infrared spectroscopy (NIR spectroscopy) is a powerful 
analytical technology for measuring food characteristics. More 
and more applications of NIR spectroscopy have been studied, 
and an increasing number of commercial solutions are available 
on the market. However, only 25 documents about NIR 
spectroscopy have been issued by international bodies, while 
the number of scientific papers published in recent years has 
always been higher than 60/year. Studies prove that NIR 
spectroscopy could boost the sustainability of the food system, 
the food quality, and the optimisation of production by real-time 
monitoring. Considering the technical, analytical, and 
environmental advantages of NIR spectroscopy, more efforts 
should be made to extend the applicability of NIR spectroscopy 
solutions and promote the development of more official 
methods based on NIR spectroscopy. 
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Introduction 
Accurate analyses play a fundamental role in modern 
food production systems. Depending on the scope, the 
analysis of food and food ingredients ensures product 

quality, safety, genuineness, and authenticity. Different 
types of analysis can be employed to achieve these goals, 
like chemical, physical, structural, and sensory analyses. 
At the same time, the parameters to be monitored may 
be defined by the current legislation or directly by the 
companies. A paramount case is the extra virgin olive oil, 
whose quality parameters are well established [1]. Thus, 
to label an olive oil as ‘extra virgin’, it is necessary to 
evaluate whether the characteristics of the product 
comply with the standards defined by the regulation. 

Apart from or in addition to mandatory standards, com
panies and any food business operator may establish 
their own set of standards. This allows food operators to 
guarantee the desired quality level for consumers, to 
respect their internal specifications, or to establish pri
cing for incoming or outgoing products with suppliers or 
buyers. As a matter of example, a company involved in 
fruit processing would be interested in determining the 
payment for raw materials based on the maturity level, 
assessment of infections, appearance, ripening stage, or 
plausible hits in the fruits. Therefore, the results of food 
and ingredient analysis represent the objective basis for 
assessing the compliance of the product with the current 
and specific regulations and/or with the technical spe
cifications of the company, underscoring the unreplace
able and fundamental role of food analysis within the 
food industry, carrying legal, economic, and societal 
implications. 

This fact, together with the breakthrough experienced 
in the field of data analysis, has driven companies to 
adopt more technological solutions that imply the 
adaptation of nondestructive, rapid, and green analytical 
approaches to replace the more common wet chemistry 
methods. The drivers of this innovation can be found in 
i) the urgent need to improve the sustainability of 
human activities; ii) the need to improve the perfor
mance in terms of resources and time [2]; iii) the im
plementation of the analysis step within the 
manufacturing process, according to the Industry 4.0 and 
Industry 5.0 paradigms [3]; iv) the need to increase the 
competitiveness in a more specialised and evolving 
market; and v) the need to provide well-controlled pro
ducts to demanding costumers. It is in this framework 
where particular attention has been gained by near-in
frared spectroscopy (NIR spectroscopy), which has 
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passed from a sleeping technique to one of the more 
promising and applied techniques in the food sector [4]. 

NIR is the vibrational electromagnetic radiation occur
ring in the range of 12500–4000 cm-1 or 800–2500 nm. 
Photons at those energies interact with the matter, 
creating a spectrum characterised by the so-called over
tones and combination bands of the fundamental vi
brations of heteroatomic bonds. Depending on the 
matter under consideration, the signal could be quite 
complex, but, in general, it is highly nonspecific. 
Although the bands can be associated with specific 
functional group frequencies [5], the extraction of useful 
chemical information is usually carried out by using 
proper chemometric tools [6•]. It is thanks to the great 
development of Chemometrics (a.k.a. machine learning  
[7]) and the increased accessibility to hardware, new 
sensors, and computing power that NIR spectroscopy 
applications in food and food products have become so 
widespread, making it one of the dominant analytical 
technologies in the modern food sector. Its applications 
span from laboratories (academic, private, and in
dustrial), where it is mainly used as a rapid method for 
analysing specific food characteristics, industry (as a 
process analytical tool for fast sorting of raw material and 
finished products), as well as process monitoring and 
control, until the open field (portable instruments and 
airborne vehicles) [3,8,9]. 

However, despite this rapid expansion, there has not 
been a parallel evolution of official analysis methods 
established by recognised international organisations, 
limiting the broader use of NIR spectroscopy for 
routine work and creating an asymmetry between the 
current quality assessment practices and the needs of 
companies and regulatory bodies of NIR spectroscopy 
analytical routines generated according to official 
methods. The aims of this manuscript are i) to present 
the readers with an overview of the official methods 
based on NIR spectroscopy available nowadays from 
recognised international bodies, ii) to provide some 
considerations about which could be the reasons for 
the gap in the alignment between the official and 
nonofficial NIR spectroscopy methods of analysis, and 
iii) to highlight the benefits and impact that official 
NIR spectroscopy methods could have on the food 
system. 

Official documents based on near-infrared 
spectroscopy 
Table 1 reports the investigation results concerning the 
official documents based on NIR spectroscopy issued by 
different international organisations. At the same time,  
Figures 1 and 2 depict graphical summaries of the is
suing organisations and the type of documents, respec
tively. 

A total of 25 entries have been found (Table 1), most of 
them published by the American Association of Cereal 
Chemists (AACC), the American Oil Chemists’ Society 
(AOCS), and the International Standards Organisation 
(ISO) (Figure 1). Overall, they can be divided into two 
groups: i) guidelines and recommendations; ii) method 
and standard procedures (Figure 2). Guidelines serve as 
valuable resources for scientists, analysts, and labora
tories, offering guidance on various aspects of analytical 
work. They can be used as references to assist analysts in 
performing experiments, calibrations, and measurements 
effectively and reliably. It is worth noting that a total of 
eight guidelines for NIR applications have been iden
tified, emphasising the importance of good practices in 
sampling [10,11•] and spectra acquisition, two of the 
aspects giving higher sources of error when dealing with 
measurement of large volumes of samples. 

In contrast, the survey revealed 17 standard analysis 
methods covering various raw materials and products. 
Overall, legumes, cereal grains, flour, and oilseeds en
compassed 16 distinct documents, while two official 
methods for evaluating oil and fat quality parameters 
were found. Official methods have also been developed 
for milk and dairy products, wine and alcoholic bev
erages, and meat products. 

Regarding the sampling mode, most applications use the 
reflectance mode (in solid samples), while fewer appli
cations use transmittance and transflectance (in liquid 
samples) (Table 1). This might be due to historical 
reasons linked to the first developments of NIR spec
troscopy in the 70s, which were mostly directed toward 
the analysis of solid samples, as well as to the limitations 
of NIR technology when dealing with the high content 
of water of specific samples. 

The range and diversity of compounds and parameters 
that official methods cover are noteworthy. Table 1 re
veals that many of the official documents serve as viable 
alternatives to traditional chemical analyses, primarily 
focusing on the proximate composition of solid samples, 
including the protein, moisture, and fat content in the 
samples. Other methods regard the determination of 
iodine value, fatty acid type, and trans-isomers in fats 
and oils or alcohol content in drinks of vitivinicultural 
origin and beer. An interesting application is found in 
the AACC 39-70.02 [12], the assessment of wheat 
hardness, a physical-structural parameter, which proved 
how NIR spectroscopy could be applied to measure 
other critical attributes of ingredients and foods apart 
from the chemical composition, thus broadening the 
spectrum of its applications [2]. 

AACC, AOAC, and ISO released guidelines about in
strument management and model development, cali
bration, maintenance, validation, and transfer. ISO 

2 Open Issue  

www.sciencedirect.com Current Opinion in Food Science 2024, 59:101203 



T
ab

le
 1

 

O
ffi

ci
al

 d
o

cu
m

en
ts

 b
as

ed
 o

n 
N

IR
 s

p
ec

tr
o

sc
o

p
y 

is
su

ed
 b

y 
d

iff
er

en
t 

in
te

rn
at

io
na

l o
rg

an
is

at
io

ns
.  

   
   

   

O
rg

an
is

at
io

n 
A

cr
on

ym
 

M
et

ho
d

 N
o.

 
Ti

tle
 

Ty
p

ea
 

S
am

p
lin

g 
m

od
ea

 
P

ar
am

et
er

(s
)a

 
C

ol
le

ct
io

n/
re

fe
re

nc
e 

N
ot

es
  

A
m

er
ic

an
 O

il 
C

he
m

is
ts

’ 
S

oc
ie

ty
 

A
O

C
S

 
A

m
 1

a-
09

 
N

ea
r-

In
fr

ar
ed

 
S

p
ec

tr
os

co
p

y 
In

st
ru

m
en

t 
M

an
ag

em
en

t 
an

d
 

P
re

d
ic

tio
n 

M
od

el
 

D
ev

el
op

m
en

t 

G
ui

d
el

in
e 

  
O

ffi
ci

al
 M

et
ho

d
s 

an
d

 
R

ec
om

m
en

d
ed

 P
ra

ct
ic

e 
of

 t
he

 A
O

C
S

, 7
th

 E
d

iti
on

   
 

A
m

 1
-9

2 
R

ea
p

p
ro

ve
d

 
20

17
 

O
il,

 M
oi

st
ur

e 
an

d
 

V
ol

at
ile

 M
at

te
r,

 a
nd

 
P

ro
te

in
 in

 o
ils

ee
d

s 
b

y 
N

ea
r-

In
fr

ar
ed

 
R

efl
ec

ta
nc

e 

S
ta

nd
ar

d
 p

ro
ce

d
ur

e 
R

efl
ec

ta
nc

e 
O

il,
 m

oi
st

ur
e,

 v
ol

at
ile

 
m

at
te

r,
 p

ro
te

in
 

O
ffi

ci
al

 M
et

ho
d

s 
an

d
 

R
ec

om
m

en
d

ed
 P

ra
ct

ic
e 

of
 t

he
 A

O
C

S
, 7

th
 E

d
iti

on
   

 

C
d

 1
e-

01
 

Io
d

in
e 

V
al

ue
 b

y 
P

re
- 

ca
lib

ra
te

d
 F

T-
N

IR
 

S
ta

nd
ar

d
 p

ro
ce

d
ur

e 
 

Io
d

in
e 

va
lu

e 
O

ffi
ci

al
 M

et
ho

d
s 

an
d

 
R

ec
om

m
en

d
ed

 P
ra

ct
ic

e 
of

 t
he

 A
O

C
S

, 7
th

 E
d

iti
on

   
 

C
d

 1
4f

-1
4 

R
ap

id
 D

et
er

m
in

at
io

n 
of

 
To

ta
l S

FA
, 

M
U

FA
, 

P
U

FA
, 

an
d

 t
ra

ns
-F

at
ty

 
A

ci
d

 C
on

te
nt

 o
f 

E
d

ib
le

 
Fa

ts
 a

nd
 O

ils
 b

y 
P

re
- 

C
al

ib
ra

te
d

 F
T-

N
IR

 

S
ta

nd
ar

d
 p

ro
ce

d
ur

e 
Tr

an
sfl

ec
ta

nc
e 

To
ta

l S
FA

, M
U

FA
, P

U
FA

, 
tr

an
s 

fa
tt

y 
ac

id
 

O
ffi

ci
al

 M
et

ho
d

s 
an

d
 

R
ec

om
m

en
d

ed
 P

ra
ct

ic
e 

of
 t

he
 A

O
C

S
, 7

th
 E

d
iti

on
  

A
m

er
ic

an
 S

oc
ie

ty
 o

f 
B

re
w

in
g 

C
he

m
is

ts
 

A
S

B
C

 
B

ar
le

y 
5 

M
oi

st
ur

e 
M

et
ho

d
  

M
oi

st
ur

e 
A

S
B

C
 M

et
ho

d
s 

of
 

A
na

ly
si

s,
 1

4t
h 

E
d

iti
on

   
 

B
ee

r 
4 

A
lc

oh
ol

 
M

et
ho

d
  

A
lc

oh
ol

 
A

S
B

C
 M

et
ho

d
s 

of
 

A
na

ly
si

s,
 1

4t
h 

E
d

iti
on

   
 

Fl
av

or
ed

 
A

lc
oh

ol
 

B
ev

er
ag

es
 1

 

A
lc

oh
ol

 a
nd

 O
rig

in
al

 
E

xt
ra

ct
 c

on
te

nt
 in

 
Fl

av
or

ed
 A

lc
oh

ol
 

B
ev

er
ag

es
 b

y 
N

ea
r-

 
In

fa
re

d
 

M
et

ho
d

  
A

lc
oh

ol
 a

nd
 O

rig
in

al
 

E
xt

ra
ct

 
A

S
B

C
 M

et
ho

d
s 

of
 

A
na

ly
si

s,
 1

4t
h 

E
d

iti
on

  

A
ss

oc
ia

tio
n 

of
 

O
ffi

ci
al

 A
na

ly
tic

al
 

C
he

m
is

ts
 

A
O

A
C

 
20

07
.0

4 
Fa

t,
 M

oi
st

ur
e,

 a
nd

 
P

ro
te

in
 in

 M
ea

t 
an

d
 

M
ea

t 
P

ro
d

uc
ts

 

M
et

ho
d

 
Tr

an
sm

itt
an

ce
 

Fa
t,

 m
oi

st
ur

e,
 p

ro
te

in
 

J.
 A

O
A

C
 I

nt
. 

90
, 

10
73

(2
00

7)
   

 

99
7.

06
-2

00
5 

P
ro

te
in

 (
C

ru
d

e)
 in

 
W

he
at

 -
 W

ho
le

 G
ra

in
 

A
na

ly
si

s 
N

ea
r-

In
fr

ar
ed

 
S

p
ec

tr
os

co
p

ic
 M

et
ho

d
 

M
et

ho
d

   
O

ffi
ci

al
 M

et
ho

d
s 

of
 

A
na

ly
si

s 
of

 A
O

A
C

 
IN

TE
R

N
A

TI
O

N
A

L 
(O

M
A

), 
22

nd
 E

d
iti

on
  

C
er

ea
ls

 &
 G

ra
in

s 
A

ss
oc

ia
tio

n 
(fo

rm
er

ly
, 

A
m

er
ic

an
 

A
ss

oc
ia

tio
n 

of
 C

er
ea

l 
C

he
m

is
ts

) 

A
A

C
C

 
39

-0
0.

01
 

N
ea

r-
In

fr
ar

ed
 M

et
ho

d
s 

-G
ui

d
el

in
es

 f
or

 M
od

el
 

D
ev

el
op

m
en

t 
an

d
 

M
ai

nt
en

an
ce

 

G
ui

d
el

in
e 

  
A

A
C

C
 A

p
p

ro
ve

d
 

M
et

ho
d

s 
of

 A
na

ly
si

s,
 

11
th

 E
d

iti
on

   
 

39
-0

1.
01

 
E

va
lu

at
io

n 
of

 N
IR

 
In

st
ru

m
en

t 
C

al
ib

ra
tio

n 
G

ui
d

el
in

e 
  

A
A

C
C

 A
p

p
ro

ve
d

 
M

et
ho

d
s 

of
 A

na
ly

si
s,

 
11

th
 E

d
iti

on
   

 
39

-1
0.

01
 

N
ea

r-
In

fr
ar

ed
 

R
efl

ec
ta

nc
e 

M
et

ho
d

 f
or

 
M

et
ho

d
 

R
efl

ec
ta

nc
e 

P
ro

te
in

 
A

A
C

C
 A

p
p

ro
ve

d
 

M
et

ho
d

s 
of

 A
na

ly
si

s,
 

11
th

 E
d

iti
on

   
 

The current scenario of NIRS in the food sector Squeo et al. 3 

www.sciencedirect.com Current Opinion in Food Science 2024, 59:101203 



T
ab

le
 1

(c
on

tin
ue

d
)  

   
   

   
 

O
rg

an
is

at
io

n 
A

cr
on

ym
 

M
et

ho
d

 N
o.

 
Ti

tle
 

Ty
p

ea
 

S
am

p
lin

g 
m

od
ea

 
P

ar
am

et
er

(s
)a

 
C

ol
le

ct
io

n/
re

fe
re

nc
e 

N
ot

es
  

P
ro

te
in

 D
et

er
m

in
at

io
n 

in
 

S
m

al
l G

ra
in

s 
  

39
-1

1.
01

 
N

ea
r-

In
fr

ar
ed

 
R

efl
ec

ta
nc

e 
M

et
ho

d
 f

or
 

P
ro

te
in

 D
et

er
m

in
at

io
n 

in
 

W
he

at
 F

lo
ur

 

M
et

ho
d

 
R

efl
ec

ta
nc

e 
P

ro
te

in
 

A
A

C
C

 A
p

p
ro

ve
d

 
M

et
ho

d
s 

of
 A

na
ly

si
s,

 
11

th
 E

d
iti

on
   

 

39
-2

0.
01

 
N

ea
r-

In
fr

ar
ed

 
R

efl
ec

ta
nc

e 
M

et
ho

d
 f

or
 

P
ro

te
in

 a
nd

 O
il 

D
et

er
m

in
at

io
n 

in
 

S
oy

b
ea

ns
 

M
et

ho
d

 
R

efl
ec

ta
nc

e 
P

ro
te

in
, 

oi
l 

A
A

C
C

 A
p

p
ro

ve
d

 
M

et
ho

d
s 

of
 A

na
ly

si
s,

 
11

th
 E

d
iti

on
   

 

39
-2

1.
01

 
N

ea
r-

In
fr

ar
ed

 
R

efl
ec

ta
nc

e 
M

et
ho

d
 f

or
 

W
ho

le
-G

ra
in

 A
na

ly
si

s 
in

 
S

oy
b

ea
ns

 

M
et

ho
d

 
R

efl
ec

ta
nc

e,
 

Tr
an

sm
itt

an
ce

 
P

ro
te

in
, 

oi
l, 

m
oi

st
ur

e 
A

A
C

C
 A

p
p

ro
ve

d
 

M
et

ho
d

s 
of

 A
na

ly
si

s,
 

11
th

 E
d

iti
on

   
 

39
-2

5.
01

 
N

ea
r-

In
fr

ar
ed

 
R

efl
ec

ta
nc

e 
M

et
ho

d
 f

or
 

P
ro

te
in

 C
on

te
nt

 in
 

W
ho

le
-G

ra
in

 W
he

at
 

M
et

ho
d

 
R

efl
ec

ta
nc

e 
P

ro
te

in
 

A
A

C
C

 A
p

p
ro

ve
d

 
M

et
ho

d
s 

of
 A

na
ly

si
s,

 
11

th
 E

d
iti

on
   

 

08
-2

1.
01

 
P

re
d

ic
tio

n 
of

 A
sh

 
C

on
te

nt
 in

 W
he

at
 F

lo
ur

 
- 

N
ea

r-
In

fr
ar

ed
 M

et
ho

d
 

M
et

ho
d

  
A

sh
 

A
A

C
C

 A
p

p
ro

ve
d

 
M

et
ho

d
s 

of
 A

na
ly

si
s,

 
11

th
 E

d
iti

on
   

 
39

-7
0.

02
 

N
ea

r-
In

fr
ar

ed
 

R
efl

ec
ta

nc
e 

M
et

ho
d

 f
or

 
H

ar
d

ne
ss

 
D

et
er

m
in

at
io

n 
in

 W
he

at
 

M
et

ho
d

 
R

efl
ec

ta
nc

e 
H

ar
d

ne
ss

 
A

A
C

C
 A

p
p

ro
ve

d
 

M
et

ho
d

s 
of

 A
na

ly
si

s,
 

11
th

 E
d

iti
on

  

In
te

rn
at

io
na

l 
A

ss
oc

ia
tio

n 
fo

r 
C

er
ea

l S
ci

en
ce

 a
nd

 
Te

ch
no

lo
gy

 

IC
C

 
15

9 
D

et
er

m
in

at
io

n 
of

 
P

ro
te

in
 b

y 
N

ea
r 

In
fr

ar
ed

 
R

efl
ec

ta
nc

e 
(N

IR
) 

S
p

ec
tr

os
co

p
y 

G
en

er
ic

 M
et

ho
d

s 
 

P
ro

te
in

 
IC

C
 S

ta
nd

ar
d

s 
   

20
2 

P
ro

ce
d

ur
e 

fo
r 

ne
ar

- 
in

fr
ar

ed
 (

N
IR

) 
re

fle
ct

an
ce

 a
na

ly
si

s 
of

 
gr

ou
nd

 w
he

at
 a

nd
 

m
ill

ed
 w

he
at

 p
ro

d
uc

ts
 

R
ec

om
m

en
d

at
io

ns
 

R
efl

ec
ta

nc
e 

P
ro

te
in

, 
m

oi
st

ur
e 

IC
C

 S
ta

nd
ar

d
s 

 

In
te

rn
at

io
na

l 
O

rg
an

is
at

io
n 

of
 V

in
e 

an
d

 W
in

e 

O
IV

 
O

IV
-M

A
-B

S
- 

08
: 

R
20

09
 

A
B

V
 b

y 
N

ea
r-

in
fr

ar
ed

 
re

fle
ct

an
ce

 
sp

ec
tr

os
co

p
y 

in
 s

p
iri

t 
d

rin
ks

 o
f 

vi
tiv

in
ic

ul
tu

ra
l 

or
ig

in
 

In
te

rn
at

io
na

l 
m

et
ho

d
s 

of
 a

na
ly

si
s 

Tr
an

sfl
ec

ta
nc

e 
or

 
tr

an
sm

itt
an

ce
 

A
lc

oh
ol

 b
y 

vo
lu

m
e 

C
om

p
en

d
iu

m
 o

f 
In

te
rn

at
io

na
l M

et
ho

d
s 

of
 

A
na

ly
si

s 
of

 S
p

iri
tu

ou
s 

B
ev

er
ag

es
 o

f 
V

iti
vi

ni
cu

ltu
ra

l O
rig

in
  

In
te

rn
at

io
na

l 
O

rg
an

is
at

io
n 

fo
r 

S
ta

nd
ar

d
is

at
io

n 

IS
O

 
IS

O
 

21
54

3:
20

20
 | 

ID
F 

20
1:

20
20

 

M
ilk

 a
nd

 m
ilk

 p
ro

d
uc

ts
 -

 
G

ui
d

el
in

es
 f

or
 t

he
 

ap
p

lic
at

io
n 

of
 n

ea
r-

 
in

fr
ar

ed
 s

p
ec

tr
om

et
ry

 

G
ui

d
el

in
e 

Tr
an

sm
itt

an
ce

, 
d

iff
us

e 
re

fle
ct

an
ce

 
or

 t
ra

ns
fle

ct
an

ce
  

ht
tp

s:
//

w
w

w
.is

o.
or

g/
 

st
an

d
ar

d
s.

ht
m

l  
  

IS
O

 
23

29
1:

20
20

 | 
ID

F 
24

8:
20

20
 

M
ilk

 a
nd

 m
ilk

 p
ro

d
uc

ts
 -

 
G

ui
d

el
in

es
 f

or
 t

he
 

ap
p

lic
at

io
n 

of
 in

-l
in

e 

G
ui

d
el

in
e 

 
P

ro
te

in
, 

fa
t 

an
d

 t
ot

al
 

so
lid

s 
in

 li
q

ui
d

 m
ilk

 a
nd

 
m

ilk
 p

ro
d

uc
ts

; 
p

ro
te

in
, 

fa
t 

an
d

 m
oi

st
ur

e 
in

 s
ol

id
 

ht
tp

s:
//

w
w

w
.is

o.
or

g/
 

st
an

d
ar

d
s.

ht
m

l 
M

id
 in

fr
ar

ed
 

in
cl

ud
ed

   

4 Open Issue  

www.sciencedirect.com Current Opinion in Food Science 2024, 59:101203 

https://www.iso.org/standards.html
https://www.iso.org/standards.html
https://www.iso.org/standards.html
https://www.iso.org/standards.html


21543:2020 | IDF 201:2020 and ISO 23291:2020 | IDF 
248:2020 address the issues related to the application of 
NIR spectroscopy in in-line and on-line scenarios spe
cifically designed for milk and milk products [13,14]. 
The AOAC 2007.04 [15] specifically refers to commercial 
equipment, the FOSS FoodScan™ device (FOSS A/S, 
Hillerød, Denmark) for the determination of moisture, 
protein, and fat in meat and different kinds of meat 
products. 

Current trends in research and industry 
The research environment is developing faster than 
regulations and guidelines. Figure 3 presents the results 
of the literature search carried out using the keywords 
‘nir’, ‘near’, ‘food’, and ‘infrared’ within the topic (title, 
abstract, and keywords) in the ‘agricultural and biological 
sciences’ subject area of the Scopus database, con
sidering the research work published in the last five 
years (2019–21 May 2024). 
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Figure 1  

Current Opinion in Food Science

Pie chart showing the bodies that issued official documents about NIR 
spectroscopy.   

Figure 2  

Current Opinion in Food Science

Pie chart showing the food categories covered by official documents 
about NIR spectroscopy and the type of document. Within the 
‘guidelines’, other food categories are included. See Table 1 for more 
details.   

The current scenario of NIRS in the food sector Squeo et al. 5 

www.sciencedirect.com Current Opinion in Food Science 2024, 59:101203 

https://www.iso.org/standards.html
https://www.iso.org/standards.html
https://www.iso.org/standards.html
https://www.iso.org/standards.html


The total number of records found is 505. More than 60 
articles/year were published, overcoming the barrier of 
100 articles in 2023. This impressive growth can be at
tributed to several key factors, such as i) an increasing 
number of applications covering other food products 
and/or other parameters beyond those historically fo
cused [16–19]; ii) an increasing number of instrumental 
capabilities (benchtop, handhelds, in-field, and in
dustrial setups) and the combination of NIR spectro
scopy with other techniques, such as imaging [20–24]; 
iii) an increasing number of mathematical approaches to 
process NIR spectroscopy data [25,26]; iv) a general shift 
toward untargeted analysis even for qualitative purposes, 
such as authenticity [27–29], and it highlights the net 
difference between the scientific articles regarding NIR 
spectroscopy application in the food sector and the of
ficial methods at the disposal of the food system actors 
(Figure 3). 

The increasing application of NIR spectroscopy is also 
reflected in the high number of commercial equipment 
nowadays available for the quality assessment of various 
foods. In fact, NIR instruments with ready-to-use cali
brations are increasing its number in the spectroscopy 
industry. These commercial instruments represent a 
step forward in the use of this technique because no 
knowledge about NIR spectroscopy and chemometrics 
is previously required. On the other hand, every in
strument could be arranged for a specific application 
(one or few), and consequently, these instruments can 
be limited to other diverse applications. 

Also, nowadays, the replacement of benchtop instru
ments for portable ones or the direct introduction of 

portable NIR instruments instead of benchtop instru
ments is observed. This is surely linked to a better 
performance of these instruments now than some years 
ago and to the low price if compared to a benchtop one. 
As previously commented, the increase in the use of 
portable NIR instruments is one of the reasons for the 
increasing number of applications that are appearing in 
the literature [30]. Nonetheless, the authors have no 
knowledge of portable NIR official standard methods 
within this increasing number of applications. Several 
reasons might be involved in this fact, starting from the 
fact that portability is normally associated with smaller 
wavelength ranges (normally in the region between 400 
and 1700 nm) due to the lower cost of the sensors. An
other reason is the lack of standardisation in the mea
surement of solid samples, together with the variability 
of the measurements associated with measuring in un
controlled conditions. 

Why extending the number of near-infrared 
spectroscopy official methods could be 
welcomed 
Improving the range of official applications of NIR 
spectroscopy could be welcomed from different strongly 
interconnected perspectives. First, from a sustainability 
point of view, routinary wet chemistry methods have a 
higher environmental impact than spectroscopic ones  
[31–33]. For example, Casson et al. [31] have found an 
impact average gap of 36 times between chemical and 
optical methods. This gap would be even larger if mul
tiparametric applications were considered [16,19]. NIR 
spectroscopy is a naturally green analytical technique [34] 
that matches by its nature the Green Chemistry princi
ples, allowing to i) reduce the usage of solvents and other 
chemicals; ii) shorten the analysis duration, which de
creases in the range of seconds or few minutes at max
imum; iii) reduce the delay in obtaining the analytical 
results, paving the way to in-line or on-line food mon
itoring; iv) reduce the occupational exposure to laboratory 
staff thanks to automatisation and miniaturisation [35]. 
Recently, Saveliev and colleagues [36•] proved how NIR- 
based methods, coupled with chemometrics, out
performed in terms of greenness with respect to wet 
methods. 

Second, NIR spectroscopy is a perfect high-throughput 
analytical method for dealing with a very large volume of 
samples. This point becomes particularly relevant when 
considering the need for controlling bodies to ensure high 
productivity and efficiency, the responsibility of food 
business operators to ensure food safety, or the significant 
challenges related to food fraud and authenticity. 

These aspects allow us to highlight a third fundamental 
point, barely stressed by the specific scientific commu
nity, which is the powerful combination of NIR 

Figure 3  

Current Opinion in Food Science

Number of research articles regarding NIR published from 2019 to 2024 
within the agricultural and biological sciences category in the Scopus 
database (data updated until 21 May 2024).   
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spectroscopy with classification algorithms for the de
velopment of qualitative assessment methods. To the 
best of the authors’ knowledge, no official methods 
make use of the NIR fingerprint to ensure food au
thenticity and/or compliance despite it being one of the 
more interesting applications of NIR spectroscopy in 
modern food systems. When coupled with class model
ling techniques, such as Soft Independent Modelling of 
Class Analogy (SIMCA) [37•], NIR spectroscopy 
emerges as a powerful, rapid, and effective tool to track 
food genuineness and/or category compliance [38]. 
Several successful applications can be found in the lit
erature [24,27,38,39]. As far as we know, some compa
nies are now delivering this solution mainly to assess the 
compliance of food products or ingredients with the 
desired technical specifications. 

NIR spectroscopy and Chemometrics: the 
irruption of deep learning 
Undoubtedly, NIR spectroscopy cannot be understood 
without Chemometrics. During this manuscript, 
Chemometrics has been present in an indirect manner of 
connecting the spectral signatures with the concentra
tions or classes. Therefore, we will not make an ex
haustive review on that topic since several good reviews 
already exist in the literature dealing with the applica
tion of Chemometrics in NIR spectroscopy and the food 
sector [6•]. Nevertheless, we cannot let pass the op
portunity to comment on aspects that are invading the 
literature but only to a limited extent the official docu
ments reported in Table 1, that is, the strong irruption of 
the deep learning (DL) scenario. 

Classically, NIR spectroscopy can be considered as 
spectral radiation that works perfectly under the 
Beer–Lambert law. Therefore, in a close setting, and if 
the spectra are correctly measured (and not saturated), 
linear multivariate models have demonstrated their great 
advantages (especially Partial Least Squares, PLS, and 
its variations) [40]. Nevertheless, there are more open 
scenarios where the signals may differ from the ideal 
linear situation, for example, when different harvesting 
periods are considered or when models want to be glo
balised to work in a wide umbrella of similar products, 
needing the usage of more sophisticated chemometric 
models, like artificial neural networks (ANN) and their 
progression to DL structures [26]. 

ANN models and their sub-class DL are more advanced 
models capable of handling nonlinear situations that 
make them look like the perfect alternative to some
times badly called ‘more classical linear approaches’. 
While there are cases where it has been clearly demon
strated that ANN can really offer a great advantage, it is 
still not clear i) if such complex model structures are 
really needed, ii) what is the real gain of using them in 

terms of predictability and transferability, and iii) how to 
present them in a normative as perfectly validated 
models. While this is true for the official documents, the 
literature is more and more flooded with applications of 
ANN and DL predicting quality parameters in food 
using NIR spectroscopy. The curious matter is that most 
of these works are presented as a main novelty, dis
regarding the fact that, for instance, ANN has been used 
in NIR spectroscopy data for more than 25 years [41]. 
Also, there is a strong trend to compare their perfor
mance with so-called ‘classical methods’ like PLS, but 
without a correct performance of the PLS model and 
emphasising the architecture of the network needed to 
improve the R2, for instance, from 0.915 to 0.920, 
without accounting for the fact that the experimental 
error might be larger than the improvement. 

There are some promising movements towards the ap
plication of ANN and DL in NIR spectroscopy. 
Nevertheless, there is still a clear lack of showing real 
and undisputable improvement from more linear but 
stable solutions. This might be one of the reasons for not 
having many official documents approving the use of 
ANN and DL that, to the best of our knowledge, till 
now are limited to just one standard [15]. A deeper un
derstanding of the benefits of more complex models 
through comprehensive validation protocols is strongly 
needed [7,26,42]. There is nowadays an overabundance 
of data analytical methods. Most of them are proposed as 
‘new’ methods or variations of already existing methods 
with a limited number of samples. Consequently, an 
urgent standardisation of the minimum requirements for 
an acceptable predictive model must be accomplished 
and implemented. In this sense, the presence of official 
guidelines (Table 1, Figure 2) and the further develop
ment of new ones are welcomed and would help depict a 
harmonised and standardised framework for all the in
volved actors. 

The future:opportunities and challenges of 
near-infrared spectroscopy in the future food 
sector 
The current landscape of applications in the food sector 
presents promising opportunities and notable challenges 
for the future use of NIR spectroscopy. Upon examining 
recent literature, it is apparent that various significant 
applications still need to be addressed by both experi
mental research and established official analysis 
methods. For instance, the food sector is showing a rapid 
evolution marked by the emergence of alternative pro
tein-based foods, encompassing meat analogues and 
dairy substitutes, as well as food formulations using by- 
products and innovative ingredients like microalgae or 
insects. Within these unique food applications, the use 
of NIR spectroscopy in experimental research remains 
limited [16,17,43], while dedicated official methods of 
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analysis established for these specific products are cur
rently non-existent to the best of the author’s knowl
edge. However, it was recently reported that some of the 
official methods developed for meat can be transferred 
to meat analogues with minor adjustments [44]. For 
example, considering that moisture and protein are 
generally determined with high reliability and reprodu
cibility by NIR spectroscopy, it would be desirable that 
official methods can be developed for such applications 
in innovative food products. This evolution would not 
only facilitate regulatory compliance and ensure the 
quality and authenticity of these evolving food products 
but also reduce the environmental impact of the analy
tical procedures and the time required for the analysis. 

Other opportunities for standardisation include con
tinuous process monitoring using NIR spectroscopy. In 
fact, standardised approaches in continuous monitoring 
enable the consistent assessment of critical parameters 
throughout production. In the food sector, this includes 
monitoring variables like moisture, fat and protein con
tent, and other quality attributes during food production. 
For example, in the dairy sector, the protein-to-fat ratio 
is crucial in controlling the coagulation process during 
cheese manufacturing, and it can be monitored in-line 
with NIR spectroscopy [45]. Therefore, the integration 
of NIR spectroscopy allows for real-time analysis, en
suring that products meet defined quality standards. 

Moreover, when standardised and automated, con
tinuous monitoring helps identify irregularities or varia
tions early in the process. This early detection allows for 
immediate corrective actions, reducing downtime, 
minimising waste, and guaranteeing that critical food 
safety treatments are applied correctly [8•,46,47]. This 
proactive approach aids in maintaining optimal produc
tion conditions and streamlining operations. In addition, 
the vast usage of NIR spectroscopy in the context of 
process analytical technology (PAT) has set the basis for 
what has been defined as ‘the second green analytical 
revolution of NIR spectroscopy analysis’ [6•]. 

Given the significant benefits and potential offered by 
NIR spectroscopy technology in process monitoring and 
control, it becomes highly desirable to make more effort 
to extend the integration of this technology into standard 
methods within the food sector. As reported (Table 1), 
nowadays, only one standard from ISO is available for 
the dairy sector. 

The challenges that NIR spectroscopy has to face within 
the food sector have been well highlighted in recent 
papers [48–50], and these challenges basically refer to i) 
the natural and high variability of complex products such 
as foods and ingredients; ii) some inherent limitations of 
the technique, such as the strong absorption caused by 
water or the limited sensitivity; and iii) its indirect 

nature and the linked chemometric-related issues, for 
example, models optimisation, stability, and transfer. 
Nonetheless, here we want to stress the attention on the 
aspects of education and knowledge. In fact, even con
sidering some limitations, NIR spectroscopy as an ana
lytical technology is now very mature reaching, from the 
hardware point of view, outstanding performances (e.g. 
detectors, resolution, wavelength selection and accuracy, 
ruggedness, signal-to-noise ratio, etc.). On the other 
hand, knowledge of NIR spectroscopy and chemometric 
basis is still a major bottleneck within the food sector. 
For someone, it’s kind of ‘magic’, able to measure almost 
everything, from minor compounds in ppm or even ppb 
concentration to any kind of properties. The side effect 
of this poor knowledge is that, when negative results are 
obtained, these are thought of as a failure of the tech
nology itself and not a misunderstanding and improper 
use of it. Also, lack of knowledge about the basic con
cepts of multivariate analysis of NIR data undermines 
the rational and responsible use of NIR spectroscopy, as 
well as the full understanding of its potentiality and 
limitations. 

Final remarks 
The benefits of a vast application of NIR spectroscopy 
within the food sector (production, research, quality 
control, process monitoring) are clear and include both 
the ‘mere’ technical aspects and the ‘public’ ones. 
However, without official documents issued by re
cognised bodies, that are fundamental tools and guar
antees for all the food operators, those advantages would 
not be fully exploited. 

As final remarks, we would suggest some points and 
challenges that deserve special consideration to further 
implement NIR spectroscopy technology in official 
regulations:  

1) Researchers must handle the fact that for quantitative 
purposes, the existing regulations regarding the con
centration thresholds of specific compounds must be 
complied with and always fulfilled.  

2) There must be full disclosure and a comprehensive 
evaluation of the analytical figures of merit (e.g. limit 
of detection) that any analytical method requires to 
be declared as valid by the regulatory bodies.  

3) When multivariate/machine learning/chemometrics is 
used, it is especially relevant to provide a proper, 
exhaustive, and accurate validation procedure that 
demonstrates the predictability and reliability of the 
measurements and the results obtained.  

4) There must be a clear physicochemical explanation 
of the correlation found between the NIR spectra and 
the measured compounds or properties. As it is well 
known, causality is not correlation. Direct or indirect 
correlations will be perfectly valid in a predictive 
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model only when the cause of that correlation is un
derstood and it is demonstrated to be reproducible 
and stable enough. 

Upon the fulfilment of these points, we believe that an 
NIR/Chemometric method could become attractive en
ough for regulatory bodies to consider it for official de
velopment within the food sector. 
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