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Abstract: In ASEAN countries, small freshwater fish species contribute to the nutritional needs of people with few livelihoods by providing
them with significant amounts of protein, fat, vitamins and minerals. Some species are eaten whole (with their organs, skin, bones, head and
eyes). To estimate the vitamin A content of these foods, conventional saponification has been applied but has not been able to fully release the
retinol. Our objective was to optimise the conditions of vitamin A saponification in whole fish to have a reliable estimate of their contribution to
intakes. The effects of temperature and saponification time on the retinol quantification of whole fish were evaluated using a two-factor
experimental design. Reaction time had a significant effect on the saponification of standard retinyl palmitate and whole fish (p�0.05). For
whole fish, the best conditions for the saponification were to heat the samples to 80 �C for 43 minutes. Under these conditions, the retinol is
well liberated from the matrix and protected from degradation and isomerisation reactions. The time-temperature couple used is more intense
than that recommended for quantifying vitamin A in milk or enriched margarines. The protective effect of the food matrix against the release of
retinol is evident. Vitamin A2 alcohol (3,4-didehydroretinol) was detected in five species and the overall vitamin A contents ranged from 9.6 to
737.5 μg RE/100 g in species frequently consumed in Cambodia. The two species of small fish consumed whole were the ones that contained
significantly more vitamin A among the ten tested (p�0.05). Highlights: Vitamin A2 alcohol was quantified in five fish species. The official
saponification partially released retinol in whole fish. The optimised reaction required heating the sample to 80 �C for 43 min.
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Introduction
Promoting dietary diversification is one of the sustainable
solutions to preventmicronutrient deficiencies. A balanced
diet provides thenecessary amounts of vitamins andminer-
als for the proper functioning of the body [1]. Vitamin A is
essential for growth, brain development, vision and immu-
nity [2]. Populations who do not have regular access to a
balanced and healthy diet can develop vitaminAdeficiency
[3]. The most affected groups are located in developing
countries and include infants, young children, women of
childbearing age and lactating mothers [4].

Several animal products (fish, offal, red meat) contain
preformed vitamin A (retinol or vitamin A1 alcohol, 3,4-
didehydroretinol or vitamin A2 alcohol, retinyl palmitate,
retinoic acid) while coloured plant products may provide

provitamin A as β-carotene and α-carotene [2]. Retinyl
esters are highly bioavailable [5] and they accumulate in
most animal livers. The structure of 3,4-didehydroretinol
is closed to retinol, exception of extra double bond on
3 and 4 position of its β-ionone ring [6]. In fish (particularly
fatty fish), retinyl esters are accumulated in offal (liver,
intestine, kidney and heart) and, to a lesser extent, in eyes
andmuscle [7].Retinyl palmitate is themainester identified
in animal products but linoleate or retinyl stearatemay also
be present [5, 8]. Identifying and quantifying vitamin A2 is
important because its biological activity is high (i.e. 120%
of that of vitamin A1) and its content in small fish may be
higher than that of vitamin A1 or even exceed the latter by
100% in some species [6]. Consumption of fish containing
these vitamins should be included in the dietary strategy to
contribute to the fight against vitamin A deficiency.
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Depending on the structure and composition of food
matrices, fat-soluble vitamins aremoreor lesswell released
during extraction and digestion [9–11]. In fatty samples,
saponification is used to release retinyl esters and retinol
bound to the complex network of proteins, lipids and
carbohydrates [12, 13]. In the eyes of humans and animals,
retinal is chemically bound to the photoreceptor protein of
the retina and it plays an essential role in retina and eyes
development [14].

However, saponification procedures introduce large
variations in the quantities of vitamins because they are
degraded during the reaction and their recovery is not
complete. Since saponification is a chemical reaction, it
can be optimized by varying the temperature, time or the
concentration of alkaline agent. Potassium hydroxide
(KOH) is the most commonly used alkaline agent [12, 13].
The official protocol (AOAC 992.06) recommends saponi-
fication at 70 �C for 25 min [9]. Different saponification
protocols have been proposed to take into account the com-
plexity of food matrices such as fortified margarine [10],
other food andmeat [4, 9, 12, 15–17] and biological samples
[18–23] (Table 1). The temperature varies from room tem-
perature to 82 �C and the reaction can last from a fewmin-
utes to 18hours.Thehigher the saponification temperature,
the shorter the saponification time. The temperature canbe
increased taking care not to exceed 80 �C as retinyl esters
and retinol can isomerize above this temperature [24].
Indeed, retinoids are sensitive to various factors such as
temperature, oxygen, light and traces of certain metals

[5, 8]. Several types of degradation reactions can take place
and they are activated by the increase in temperature. It is
therefore important to optimize the vitamin A assessment
by finding the ideal conditions to satisfy contradictory
objectives: namely, to saponify under conditions drastic
enough to release compounds bound to the food matrix
whileprotecting themfromdegradation reactionsactivated
by temperature.

In this type of situation, experimental designs are use-
ful to optimize the output variables according to two or
three factors. Response Surface Methodology (RSM) is a
statistical model used to optimize analytical methods or
agri-food processes [25]. It reduces the total number of
experiments and, consequently, reduces time, labour and
expenditure on reagents and consumables [3, 25–29]. In
addition, experimental design allows to understand the
impact of factors (independent variables) on responses
(dependent variables) [13, 26–29]. A second-order polyno-
mial equationdescribes the individual impact of each factor
on responses and the synergy or antagonism of factors
[3, 25, 27].

The objective of this study was to develop an optimized
saponification protocol of retinoids contained in fish eaten
whole by consumers. A two-factor Central Composite
experimental designwas tested to assess the impact of tem-
perature and reaction time on estimated vitamin A levels.
The optimized protocol was then applied to the ten most
consumed fish species in the Tonle Sap Lake region
(Cambodia).

Table 1. The distinct saponification procedures of food and biological samples

Type of samples Conditions References

Pork, veal, beef liver, freshwater fish 60% of KOH under nitrogen [15–17]
Ambient temperature for 15 min

Powdered milk 50% of KOH [12]

70 �C for 7 min

Fortified margarine 50% of KOH [10]

82 �C for 25 min

Infant formula Ambient temperature for 18 hours [19]

Milk 70 �C for 20 min [21]

Liver and liver products Ethanolic KOH [18]

Ambient temperature for one night

High-fat foods 60% of KOH [12]

70 �C for 30 min

Meat 10.5 M KOH [4, 9]

Multi-ingredient sauces 70 �C for 25 min

Mongolian gerbil liver Ethanolic KOH 5% and 0.1% BHT [20]

60 �C for 10 min

Human milk 50% of KOH [22, 23]

50 �C for 60 min

KOH: potassium hydroxide; BHT: butylated hydroxytoluene.
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Materials and methods

Chemicals

Solvents, reagents and pure chemicals (retinyl palmitate
and retinol) were obtained from Sigma-Aldrich (Saint
Quentin Fallavier, France). 3,4-didehydroretinol was
obtained from Santa Cruz biotechnology (Texas, United
States) and polytetrafluoroethylene (PTFE) membranes
from Sartorius (Palaiseau, France).

Fish sampling

The ten most available and consumed fish species were
identified inaprevious survey (unpublisheddata).The local
and scientific names of the fish species are given in Table 2
aswell as theirmetric scale are given in Figure 1. Six species
belong to big-size ones (Cyclocheilichthys enoplos, Barbodes
gonionotus, Puntioplites proctozysron, Channa micropeltes,
Channa striata and Boesemania microlepis) and four belong
to small-ones (Mystus atrifasciantus,Trichogastermicrolepis,
Clupeoides borneensis and Henicorhynchus siamensis).

Fishes were bought directly from the fishermen during
the fishing hours in Kompong Chhnang near the
Tonle Sap Lake (TSL) in Cambodia (12�30055.0300 N,
104�27028.2900 E; 12�30037.4600 N, 104�26054.6900 E and
12�30044.9100 N, 104�27010.7400 E) (see Electronic Supple-
mentary Material 1). Fish collection was done three times
during the dry season (from December 2018 to February
2019). Approximately six kilograms of each fish species
were collected. The fishes were placed in a Ziploc bag to

prevent any contamination and immediately stored under
ice in a polystyrene box until arrival at the laboratory. Sam-
ples were prepared from edible parts of fishes as follows:
only fillet for big-size species, the whole body for some
small-size species and without organs for other small-size
species (Table2).Theediblepartswerecut into small pieces
and chopped with a meat grinder (HR-12, China). Samples
were stored at�20 �C for retinoid assessments.

Retinoid saponification with an official
method

The saponification was realized in an amber flask heated
with an electronic temperature controller Heidolph EKT
3001 temperature (Reax 2, Heidolph, Germany) connected
to a magnetic stirring hotplate Bioblock Scientific 94301
(Bioblock, France). The temperature precision was
±0.1 �C. Saponifications have been carried out according
to the official method [9] with retinyl palmitate (100 mg
in 1 L of acetone) or whole fish (Henicorhynchus siamensis)
as follows:
� 1mL of retinyl palmitate standard was saponified for

25 min at 70 �C with 1.25 mL of 10.5 M KOH
� 1 g of whole freshwater fish was saponified for 25 min

at 70 �C with 1.25 mL of 10.5 M KOH

Afterward, the sampleswerecooled for 30minand retinol
was extracted by 15 mL of ethanol/hexane (4:3, v/v).
After centrifugation at temperature 4 �C for 15 min at
13 000 rpm (Heraeus Multifuge X1R, Thermo Fisher
Scientific, Villebon sur Yvette, France), the upper layer was

Table 2. Local and scientific names, edible parts and vitamin A of the ten freshwater fish species

Local
name

Scientific
name

Retinol
(μg RE/100 g)

3,4-didehydroretinol
(μg/100 g)

Retinol equivalent
(μg RE/100 g)

Big-size fish species (fillet)

Trey chhkok Cyclocheilichthys enoplos 19.3±1.1de – 19.3±1.1e

Trey chhpin Barbodes gonionotus 13.2±0.8ef – 13.2±0.8e

Trey chrakaing Puntioplites proctozysron 22.1±2.0de 26.6±2.9cd 54.0±3.3d

Trey diep Channa micropeltes 10.1±0.3f – 10.1±0.3e

Trey phtouk Channa striata 13.8±0.6ef – 13.8±0.6e

Trey promah Boesemania microlepis 9.6±1.0f – 9.6±1.0e

Whole body small fish species (without organs)

Trey kanchos Mystus atrifasciantus 20.1±2.1de 15.3±1.5d 38.5±3.0d

Trey kawmpleanh Trichogaster microlepis 33.1±2.1c 36.0±6.2c 76.3±9.2c

Whole body small fish species (with organs)

Trey bawndol ampeou Clupeoides borneensis 160.5±6.8b 180.7±4.3b 377.3±2.0b

Trey riel Henicorhynchus siamensis 422.8±1.9a 262.3±11.2a 737.5±15.2a

Data are presented as the mean±standard deviation with three repetitions.
Different letters in the same row mean significant difference (p<0.05) by Tukey’s test throughout the different species.
μg RE/100 g: μg retinol equivalent per 100 g of fresh weight.
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transferred into amber glass tubes and dried under vacuum
at ambient temperature for 30 min (Genevac LTD, EZ-2
series, Sp Scientific, England). The dried residues were
dissolved in 1 mL of acetone and filtered with a 0.45 μm
PTFEminisart SRP4membrane.

Optimization of retinoid saponification
with an experimental design

A central composite design with response surface method-
ology (RSM) by Box and Wilson was used to determine
the effects of temperature (�C) and time (min) on the
saponification reaction. This design requires an experiment
number according to N=K2+2K+Cp, where K is the factor
number and Cp is the replicate number of the central point
[3, 25, 27].

Preliminary tests have been carried out to define the
boundaries of the experimental design tested (Table 3).
For retinyl palmitate saponification, the temperature
ranged from 50 to 85 �C and the time from 5 to 30 min.
For whole freshwater fish, the temperature ranged from
60 to 100 �C over a period of 10 to 60min.

Saponifications have been carried out with nine time-
temperature pairs on retinyl palmitate or whole fish
(Henicorhynchus siamensis) (Table 3). Three replicates were
performed at the central point of the design to calculate the
experimental variability.
� 1 ml of retinyl palmitate (100 mg/L) was saponified

with 4 mL of KOH 50% (w/v) at different times and
temperatures

� 1 g of whole freshwater fish was saponified with 4 mL
of KOH 50% (w/v) at different times and temperatures

Table 3. The experimental area in terms of temperature and heating time for saponification of retinyl palmitate standard and retinyl esters in
freshwater fish

Retinyl palmitate Freshwater fish

Domain Temperature (�C) Time (min) Temperature (�C) Time (min)

Minimum (�1)a 50.0 5.0 60.0 10.0

Central point (0)a 67.5 17.5 80.0 35.0

Maximum (+1)a 85.0 30.0 100.0 60.0

aCoded value.

0 5 10 15 20 25 30 35 40 45 

Channa micropeltes (40.5cm)

Boesemania microlepis (37.7cm)

Cyclocheilichthys enoplos (30.2cm)

Channa striata (28.0cm)

Barbodes gonionotus (21.3cm)

Puntioplites proctozysron (15.3cm)

Henicorhynchus siamensis (12.7cm)

Mystus atrifasciantus (12.0cm)

Trichogaster microlepis (8.9cm)

Clupeoides borneensis (7.2cm) 

Fish length (cm)

Figure 1. Picture of freshwater fish species with a metric scale.
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To assess the effect of independent variables on the
responses, RSM was applied. The basic second-order
polynomial model used to fit the data was (equation 1):

Y ¼ βo þ
X

i
βiXi þ

X
i
βiiX

2
i þ

X
i�j
βijXiXj ð1Þ

where Y is a response (retinol content), Xi is the factor i
[Temperature (i=1), Time (i=2)]. β0 is the constant of
the model, βi is the linear effect of Xi, βii is the quadratic
effect of Xi and βij is the effect of the interaction between
Xi and Xj. Contour plot and response surface plot are
created from fitted polynomial equations in order to visu-
alise the effect and interaction of factors on the response,
especially to find out the optimum conditions [3]. Corre-
lations were established with the second-order polyno-
mial model (equation 1).

The optimised protocol was applied to the ten species of
fish regularly consumed by the populations living in the
floating villages of the Tonle Sap Lake and the analyses
were repeated three times for each species.

High-performance liquid chromatography
(HPLC)

Retinyl esters, retinol and 3,4-didehydroretinol were sepa-
rated on a polymeric C30 (4.6mm i.d.�250mm, 5 μmparti-
cle size, YMC, IncWilmingtonNC) and quantified by HPLC
(Agilent System 1200 series, Massy, France). The mobile

phase consisted of a mix of eluent A (60:40, methanol:
milli-Q water), eluent B (67.5:28.5:4, ethyl acetate:metha-
nol:milli-Q water) and eluent C (ethyl acetate) with a flow
rate 1 mL/min. Chromatograms were recorded by a UV-
visible photodiode array detector at 325 nm and the distinct
formsof retinyl palmitate, retinol,3,4-didehydroretinolwere
clearlyseparated (Figure2).Externalcalibrationwasrealized
weekly with stock standard solutions of the pure chemical in
acetone on the range of0.5 to 20.0mg/L. The retinol equiv-
alent (RE)was expressed per 100gof fresh fish as the sumof
the biological activities of 100% for all-trans-retinol and
120% for 3,4-didehydroretinol [30].

Data analysis

The experiments were conducted in random order and
Statgraphics plus 5.1 (STSC, Inc., USA, 1991) was used to
calculate the regression coefficients based on the method
of least squares (Draper and Smith 1981). The validity of
the regressions and coefficients was verified by statistical
tests (R2 correlation coefficient, analysis of variance,
Fisher’s test). Significance was accepted at probability
p�0.05. The response surfaces and contour plots were
constructed using the fitted quadratic polynomial equa-
tion obtained from the regression analysis corresponding
to the fixed point and the change in the other two vari-
ables. Optimal reaction conditions result in the highest
Y-response, i.e. the highest vitamin A content in whole fish.
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Figure 2. Chromatograms recorded at 325 nm of (a) retinyl palmitate standard, (b) 3,4-didehydroretinol and retinol standards, (c) Henicorhynchus
siamensis sample saponified with official method and (d) Henicorhynchus siamensis sample saponified with the optimized method.
(1) 3,4-didehydroretinol (UV max=355 nm), (2) retinol (UV max=325 nm), (3) retinyl palmitate.
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Results

Retinoid saponification with an official
method

Conventional saponification protocol applied to retinyl
palmitate standard and a freshwater fish species consumed
whole (i.e. with the head, skin, bones, organs such as liver
and eyes) (Figure 2). The name of this specie is Heni-
corhynchus siamensis (Trey Riel) and according to its lipid
content, it is a high fat fish [31, 32]. Applying standard saponi-
fication conditions (i.e. 70 �C for 25 min), retinyl palmitate
was fully hydrolysed. However, when this protocol was
applied to whole crushed fish, part of the retinyl palmitate
was still visible on the chromatograms after saponification.
The reaction only partially released the retinol because of
thematrix effect, that is why we conducted this optimisation
study for whole fish.

Optimisation of retinol quantification
by experimental design

Retinol concentrations after saponification of retinyl palmi-
tate and freshwater fish ranged from 7.9 to 65.9mg/L and
1.6 to 11.9 mg/L, respectively, while 3,4-didehydroretinol
concentrations after saponification of freshwater fish were
lower (0.4 to 3.3 mg/L) (Table E1). The iso-responses
curvesclearly showedanoptimumfor thevariables temper-
ature and time of the saponification reaction (Figure 3). If
the temperature or saponification times were too low or
too high, then the vitamin A content was underestimated.

By applying multiple regression analysis on the experi-
mental data, the following second-order polynomial
equation was established to express the retinol content
according toXi is [Temperature (i=1), Time (i=2)], and their
linear and quadratic effects and interactions.

The second-order polynomial equation of retinyl palmi-
tate standard according to the saponification parameters
was:

Y retinol½ � ¼ �8110:21þ 241:34X1 þ 135:26X2

� 1:72X2
1 � 0:82X1X2 � 1:61X2

2 ð2Þ

The second-order polynomial equation of retinol and 3,4-
didehydroretinol in whole body freshwater according to
the saponification parameters was:

Y½retinol� ¼ �1088:45þ 28:44X1 þ 8:77X2

� 0:19X2
1 þ 0:02X1X2 � 0:12X2

2 ð3Þ
Y 3;4�didehydroretinol½ � ¼ �465:08þ 11:98X1 þ 1:53X2

�0:07X2
1 þ 0:01X1X2 � 0:03X2

2 ð4Þ

The coefficient determinations (R2) of the responses as
a function of the variables (temperature and saponifica-
tion time) were respectively equal to 80.57%, 84.06%
and 80.00% for retinyl palmitate, retinol and 3,4-
didehydroretinol in whole body freshwater fish. As the
R2 values of the models were greater than 80%, the influ-
ence of temperature and time parameters on the response
can be discussed [21].

The best values of the reaction parameters for maximis-
ing the retinol contentwere identified for eachmodel.Thus,
theoptimal temperatureand time forquantifying retinol are
respectively:
� 64 �C and 26 min for retinyl palmitate standard;
� 80 �C and 43 min for retinol in whole body freshwater

fish;
� 82 �C and 40 min for 3,4-didehydroretinol in whole

body freshwater fish.

When the p-value is �0.05, this indicates that the
variable concerned has a statistically significant effect
with a 95% confidence interval on the determination of
retinol (Table 4). For the retinyl palmitate standard, time
and temperature�temperature interaction significantly
affected the retinol quantification. For whole freshwater
fish, three effects (time, time�time, and temperature�
temperature) significantly affected the retinol assess-
ment, while only interaction between temperature�
temperature affected on 3,4-didehydroretinol assessment.
The interactions between temperature and time are well
visualized in three-dimensional representations of the
response surface plots, which are the graphic representa-
tions of the regression equation (Figure 3).

Vitamin A content in ten freshwater
fish species

The optimized saponification protocol was applied to ten
species of freshwater fish collected to assess their retinol
equivalent content. Retinol was present in all fish species,
while 3,4-didehydroretinol was detected in four small
fish species (Mystus atrifasciantus, Trichogaster microlepis,
Clupeoides borneensis and Henicorhynchus siamensis) and in
a big fish species (Puntioplites proctozysron). Retinol and
3,4-didehydroretinolcontents in tenfishspeciesrangedfrom
9.6 to 422.8 μg/100 g and from 0.0 to 262.3 μg/100 g,
respectively. The vitamin A content expressed as retinol
equivalent varied from 9.6 to 737.5 μg RE/100 g (Table 2).
Thehighest levelsofvitaminAwere found in speciesof small
fish eaten whole (including organs and eyes) and reached
valuesmuch higher than for fillets of fish eatenwithout their
organs.
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Discussion

Official methods have been designed for, and tested with,
very specific food matrices (milk based products, muscle,
etc.) [9]. In some cases, these methods may not be optimal

for all food matrices, especially solid, heterogeneous foods
containing bones, skin and organs. The food matrix (even
when ground) can have a protective effect against hydroly-
sis and release reactions. It is important to have an effective
method for releasing vitamin A into thesematrices in order

A B

C D

E F

Figure 3. Iso-responses and response surfaces of polynomial regression equations generated by Statgraphics Centurion XV for retinol
concentrations after saponification of retinyl palmitate alone (A, B), after saponification of Henicorhynchus siamensis fish (C, D) and 3,4-
didehydroretinol concentrations after saponification of Henicorhynchus siamensis fish (E, F). The response surfaces represent the variation in
retinol or 3,4-didehydroretinol concentrations modelled by the polynomial equation as a function of temperature (�C) and saponification time
(min). The iso-response curves correspond to the time (min) and temperature (�C) pairs that allow a certain concentration of retinol to be obtained
in the saponification medium. AU: absorbance units; min: minutes.
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to estimate their potential tomeet thevitamin requirements
of populations. Saponification is an effective way to remove
lipids,whichcan interferewithchromatographic separation
and reduce the life of the column. It is particularly truewith
fatty fishes. Saponification hydrolyses the esters and this
simplifies the chromatographic separation, identification
and quantification. It is useful for laboratories that do not
have the most efficient columns to separate compounds
and thedetection techniques to visualise absorption spectra
for compound preliminary identification.

The retinol contents increased with temperature and
timetooptimal levels,and thendecreased. In theexperimen-
tal designs, the parameter that had a significant impact on
the determination of retinol after reaction was the saponifi-
cation time, which always had to be at least 26 minutes.
Lower levels of temperature and time did allow releasing
enough the retinol from the matrix and the higher levels of
temperatureand timedegrade toomuch the retinol liberated
from the matrix with chemical reactions. Elliptical contours
were obtained when there is perfect interaction between
the independent variables [3].

The design of the experiments makes it possible to
compare the effects of the variables in isolation or in

combination. A search for an optimum made it possible to
identify the ideal combination of reaction to release the
retinol and at the same time protect it from degradation.
In practice, this means that during saponification, the tem-
perature should not exceed 80 �C and should not last more
than 43min to maximize retinol quantification. If the ther-
mal treatment is more severe, the released retinol and reti-
nyl esters will probably be isomerized or cleaved and the
quantification will be underestimated. The conditions
necessary for the saponification of vitamin A contained in
freshwater fish require more drastic conditions than for
standard and enrichedmargarines ormilk [9, 10]. The time
required for saponificationwas shorter than inother studies
for which durations reached 8 to 10 hours [33].

Many studies found that vitamin A is accumulated in the
eyes and viscera of fish [16]. In our study, retinol was
detected in all fish species, while 3,4-didehydroretinol was
detected in only five fish species. Henicorhynchus siamensis
is a species that contains a high concentration of retinol
and 3,4-didehydroretinol and the concentration of retinol
is higher than that of 3,4-didehydroretinol. However,
there is no obvious biological explanation of the vari-
ation in vitamin A content between fish species [16, 17].

Table 4. Regression coefficients and analysis of variance of the second polynomial

Source Sum of squares df Mean square F-ratio p-value

Retinyl palmitate standard

X1 4842.20 1 4842.20 0.60 0.47

X2 541621.00 1 541621.00 6.73 0.04*

X1X1 740014.00 1 740014.00 9.19 0.02*

X1X2 127057.00 1 127057.00 1.58 0.26

X2X2 168053.00 1 168053.00 2.09 0.20

Total error 483214.00 6 168053.00

Total (correlation) 2.49 11 80535.60

Retinol in whole freshwater fish

X1 276.63 1 276.63 0.14 0.73

X2 14116.40 1 14116.40 6.89 0.05*

X1X1 13819.70 1 13819.70 6.75 0.05*

X1X2 480.93 1 480.93 0.23 0.65

X2X2 14893.20 1 14893.20 7.27 0.04*

Total error 10243.10 5 2048.63

Total (correlation) 6426.30 10

3,4-didehydroretinol in whole freshwater fish

X1 288.43 1 288.43 1.25 0.31

X2 251.17 1 251.17 1.09 0.34

X1X1 2235.18 1 2235.18 9.72 0.03*

X1X2 50.06 1 50.06 0.22 0.66

X2X2 684.17 1 684.17 2.98 0.15

Total error 1149.8 5 229.96

Total (correlation) 5592.31 10

X1: temperature; X2: time; df: degrees of freedom; F: Fisher test; p-value: probability distribution value. *Significance was accepted at probability p�0.05.
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Henicorhynchus siamensis andClupeoides borneensiswere the
two small indigenous fish species which contain high
concentration both retinol and 3,4-didehydroretinol. Some
studies revealed that the small fish species with their
adult length less than 25 cm and they were consumed
wholewithhead, bones and liver, theymostly are rich source
of 3,4-didehydroretinol [6]. To promote nutrition, it is
recommended to consume the head or liver of the fish as
they contain many nutrients, especially vitamin A. Some
studies have found that the content of retinol and 3,4-
didehydroretinol is similar in fillets, while the content of
the latter is higher in whole fish species [33]. This is true
for some fish species in our study. The richness of 3,4-
didehydroretinol may be explained by the presence
and activity of enzymes that convert retinol to 3,4-
didehydroretinol in some fish. [6]. There is no clear explana-
tion for thevariation invitaminA levels between fish species.
However, their diet may influence the accumulation of
retinol and 3,4-didehydroretinol in their tissue. For example,
green algae are known to be rich in 3,4-didehydroretinol.
Fish species that prefer them as food could have their body
content increased by this regular consumption [17]. The
vitamin A content found is similar to the finding in previous
screening of fish from Mekong River and Bangladesh
[16, 17].

One of the strengths of our work is to show that it is
sometimes necessary to adapt an official protocol to the
complexity of a foodmatrix.Theconditions thatwepropose
aremuch faster than those recommended in other research
up to 10 hours of saponification. Finally, the protocol
respects the general recommendation not to exceed 80 �C
in order to avoid retinol isomerisation. A limitation of this
work is that the protocol developed is specific towhole fatty
fish.

Electronic supplementary material

The electronic supplementarymaterial is availablewith the
online version of the article at https://doi.org/10.1024/
0300-9831/a000729
ESM 1. Sampling location in Cambodia (Figure E1).
Experimental design matrix and concentration of retinol
and 3,4-didehtydroretinol after saponification of retinol
palmitate (100 mg in 1 L of acetone) and Henicorhynchus
siamensis freshwater fish (Table E1).

References

1. Nair MK, Augustine LF, Konapur A. Food-based interventions
to modify diet quality and diversity to address multiple
micronutrient deficiency. Front Public Health. 2016;3:1–14.

2. Loughrill E, Govinden P, Zand N. Vitamins A and E content of
commercial infant foods in the UK: A cause for concern? Food
Chem 2016;210:56–62.

3. Wu Y, Cui SW, Tang J, Gu X. Optimization of extraction
process of crude polysaccharides from boat-fruited sterculia
seeds by response surface methodology. Food Chem. 2007;
105:1599–605.

4. Amoussa-Hounkpatin W, Mouquet-Rivier C, Dossa RAM,
Picq C, Avallone S. Contribution of plant-based sauces to
the vitamin A intake of young children in Benin. Food Chem.
2012;131:948–55.

5. Booth SL, Johns T, Kuhnlein HV. Natural food sources of
vitamin A and provitamin A. Food Nutr Bull. 1992;14:1–15.

6. La Frano MR, Cai Y, Burri BJ, Thilsted SH. Discovery and
biological relevance of 3,4-didehydroretinol (vitamin A2) in
small indigenous fish species and its potential as a dietary
source for addressing vitamin A deficiency. Int J Food Sci
Nutr. 2018;69:253–61.

7. Wold HL, Wake K, Higashi N, Wang D, Kojima N, Imai K, et al.
Vitamin A distribution and content in tissues of the lamprey,
Lampetra japonica. Anat Rec. 2004;276A:134–42.

8. Ball G. Vitamins in foods: analysis, bioavailability, and stabil-
ity. Boca Raton: CRC Press; 2005.

9. AOAC. Vitamin A (retinol) in milk-based infant formula. Liquid
chromatographic method. 18th ed. Washington DC: AOAC
International; 2005.

10. Garai L. Improving HPLC analysis of vitamin A and E: Use of
Statistical experimental design. Procedia Comput Sci.
2017;108:1500–11.

11. Woollard DC, Bensch A, Indyk H, McMahon A. Determination
of vitamin A and vitamin E esters in infant formulae and
fortified milk powders by HPLC: Use of internal standardis-
ation. Food Chem. 2016;197:457–65.

12. Eitenmiller RR, Ye L, Landen WO. Vitamin analysis for the
health and food sciences. (2nd ed). Boca Raton: CRC Press;
2008.

13. Lee J, Ye L, Landen WO, Eitenmiller RR. Optimization of an
extraction procedure for the quantification of vitamin E in
tomato and broccoli using response surface methodology.
J Food Compos Anal. 2000;13:45–57.

14. Bok D. The retinal pigment epithelium: a versatile partner in
vision. J Cell Sci. 1993;1993:189–95.

15. Leth T, Jacobsen JS. Vitamin A in Danish pig, calf, and ox liver.
J Food Compos Anal. 1993;6:3–9.

16. Roos N, Leth T, Jakobsen J, Thilsted SH. High vitamin A
content in some small indigenous fish species in Bangladesh:
perspectives for food-based strategies to reduce vitamin A
deficiency. Int J Food Sci Nutr. 2002;53:425–37.

17. Roos N, Chamnan C, Loeung D, Jakobsen J, Thilsted SH.
Freshwater fish as a dietary source of vitamin A in Cambodia.
Food Chem. 2007;103:1104–11.

18. Brinkmann E, Mehlitz I, Bijosono Oei H, Tiebach R, Baltes W.
Determination of vitamin A in liver and liver-containing
products using narrow-bore normal, phase HPLC. Z für
Lebensm-Unters-Forsch. 1994;199:206–9.

19. Tanner JT, Barnett SA, Mountford MK, Collaborators:Angyal G,
Beare-Rogers JL, et al. Analysis of milk-based infant formula.
Collaborators Phase V. Vitamins A and E, Folic Acid, and
Pantothenic Acid: Food and Drug Administration-Infant
Formula Council: Collaborative Study. J AOAC Int. 1993;76:
399–413.

20. Sheftel J, Sowa M, Mourao L, Zoué LT, Davis CR, Simon PW,
et al. Total adipose retinol concentrations are correlated with
total liver retinol concentrations in male Mongolian gerbils,
but only partially explained by chylomicron deposition
assessed with total α-retinol. Curr Dev Nutr. 2019;3.

Int J Vitam Nutr Res (2023), 93 (4), 298–307 �2021 Hogrefe

306 S. Sroy et al., Assessment of vitamin A1 and A2 in whole fish



21. Jensen SK. Retinol determination in milk by HPLC and
fluorescence detection. J Dairy Res. 1994;61:233–40.

22. Giuliano AR, Neilson EM, Kelly BE, Canfield LM. Simultaneous
quantitation and separation of carotenoids and retinol in
human milk by high-performance liquid chromatography.
Methods Enzymol. 1992;213(213):391–9.

23. Chaves JO, de Fernandes AMF, Parreiras PM, Breguez GS,
Passos MC, da Cunha LR, et al. Effect of storage on retinol
content and total antioxidant capacity of human milk. Br Food
J. 2019;122:606–16.

24. European Committee for Standardization. EN12823-1. Food-
stuffs: determination of vitamin A by high performance liquid
chromatography. Part 1. Standard norge. 2000:1–16.

25. Bezerra MA, Santelli RE, Oliveira EP, Villar LS, Escaleira LA.
Response surface methodology (RSM) as a tool for optimiza-
tion in analytical chemistry. Talanta. 2008;76:965–77.

26. Kaur S, Sarkar BC, Sharma HK, Singh C. Response surface
optimization of conditions for the clarification of guava fruit
juice using commercial enzyme: clarification of guava fruit.
J Food Process Eng. 2011;34:1298–318.

27. Liyanapathirana C, Shahidi F. Optimization of extraction of
phenolic compounds from wheat using response surface
methodology. Food Chem. 2005;93:47–56.

28. Yaakob H, Ahmed NR, Daud SK, Malek RA, Rahman RA.
Optimization of ingredient and processing levels for the
production of coconut yogurt using response surface method-
ology. Food Sci Biotechnol. 2012;21:933–40.

29. Yim HS, Chye FY, Rao V, Low JY, Matanjun P, How SE, et al.
Optimization of extraction time and temperature on antiox-
idant activity of Schizophyllum commune aqueous extract
using response surface methodology. J Food Sci Technol.
2013;50:275–83.

30. Riabroy N, Dever JT, Tanumihardjo SA. α-Retinol and 3,4-
didehydroretinol support growth in rats when fed at
equimolar amounts and α-retinol is not toxic after repeated
administration of large doses. Br J Nutr. 2014;111:1373–81.

31. Sroy S, Arnaud E, Servent A, In S, Avallone S. Nutritional
benefits and heavy metal contents of freshwater fish species

from Tonle Sap Lake with SAIN and LIM nutritional score.
J Food Compos Anal. 2021;96:103731.

32. Zhang X, Ning X, He X, Sun X, Yu X, Cheng Y, et al. Fatty acid
composition analyses of commercially important fish species
from the Pearl River Estuary, China. PLoS One. 2020;15:1–16.

33. La Frano MR, Burri BJ. Analysis of retinol, 3-hydroxyretinol and
3,4-didehydroretinol in North American farm-raised freshwater
fish liver, muscle and feed. Aquac Nutr. 2014;20:722–30.

History
Received May 3, 2021
Accepted August 25, 2021
Published online September 20, 2021

Conflict of interest
Authors declare that they have no conflict of interest.

Authorship
Sengly Sroy: Data curation, Formal analysis, Investigation,
Methodology, Visualization, Writing – original draft, Writing –

review & editing. Adrien Servent: Methodology. Wichien Sriwichai:
Writing. Sokneang In: Writing – review & editing. Sylvie Avallone:
Conceptualization, Investigation, Methodology, Software, Super-
vision, Validation, Writing – review & editing.

Funding
This work was supported by French scholarship program
(928739F, 928756F, 954036 J and 956215 K), Institute of Tech-
nology of Cambodia, Erasmus+ (CamFoodTech) and Francophonie
University Association.

Prof. Sylvie Avallone
Institut Agro Montpellier
1101 Avenue Agropolis
34090 Montpellier, France

sylvie.avallone@supagro.fr

�2021 Hogrefe Int J Vitam Nutr Res (2023), 93 (4), 298–307

S. Sroy et al., Assessment of vitamin A1 and A2 in whole fish 307



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2540 2540]
  /PageSize [612.000 792.000]
>> setpagedevice


