JEST No. 168, Vol. 22, February 2026 ABSTRACT

Journal of Food Science and Technology (Iran) =3

Homepage:www.fsct.modares.ir R e o

Scientific Research

Quinoa flour and Malva neglecta powder as functional components to improve
the quality of gluten-free rice cake formulation
Amirhossein Khaksari, Marjan Nouri”

Department of Food Science and Technology, Roudehen Branch, Islamic Azad University,
Roudehen, Iran.

ARTICLE INFO ABSTRACT

Cake possesses high diversity as one of the flour-based products and
receives considerable attention, particularly among the children and
teenagers. The gluten protein in rice cakes can be harmful to celiac disease
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Accepted: 2025/08/30 in patients due to its consumption with intestinal inflammation and

swelling causes irritable bowel syndrome in exposed consumers. In the
Keywords: present research, the aim is to optimize the most suitable formulation of
Cake, enriched gluten-free rice cake and improve the qualitative and sensory
characteristics with the response surface methodology. For this purpose,

Celiac disease, effective factors including different percentages of potato (10, 20 and 30),
quinoa flour (50, 60 and 70) and Malva neglecta powder (0, 2.5 and 5)
Malva neglecta, . . .
were applied in 15 formulations of rice cake samples and then several

Quinoa, assays such as moisture, ash, fiber, specific volume, texture, antioxidant
) attribute and sensory evaluation were conducted with three repetitions on
Rice treatments; finally, control and optimal samples were compared with
Fourier transform infrared spectroscopy. The conducted assays for

moisture 20.10 to 30.20 %, ash 0.50 to 2.51 %, fiber 0.21 to 0.58 %,

10.48311/fsct.2025.115648.0 specific volume 1.02 to 61.3 Cm?/g, texture 90. 17 to 2.35 N, antioxidant
potential 1 to 17.7 pmol Trolox g! dry matter and sensory assessment 2
to 5.7 were reported in rice cake samples. The optimum production
*Corresponding Author E-Mail: conditions of gluten-free rice cake formulation with the highest moisture
Marjan.nouri@iau.ac.ir (27.07 %), ash (2.19 %), fiber (0.51 %), specific volume (3.09 Cm*/g),
antioxidant function (6.69 pmol Trolox g! dry matter) and sensory score
(3.46) and also the lowest hardness (26.08 N) corresponded to 18.08 %
potato, 65.15 % quinoa and 4.81 % Malva neglecta powder. The general
results illustrated that replacement of quinoa flour and Malva neglecta
powder significantly enhanced qualitative and quantitative traits of rice
cake samples, which can be presented to industry as a novel formulation
for functional production.
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1- Introduction

Gluten is the main ingredient for maintaining
the product quality made from grains, which
reveals an important factor in creating
cohesion and preserve carbon dioxide gas
produced  during [1].
Nowadays, attention to healthy dietary
pattern and celiac prevalence have led to the
consumption of more gluten-free products
among consumers [2]. Celiac disease is an
inflammation type of the small intestine
caused by intolerance to wheat gluten and

fermentation

various researches performed on gluten-free
products including inulin application [3],
sponge cake produced by broccoli leaves [4],
apple pomace, carrot and orange powders in
rice cake [5], whey powder and grape skin
made from corn flour in pasta [6], potato
starch paste using quinoa and kiwicha [7],
stevia leaves in lactose-free cake [8] and
pumpkin [9].

Rice holds a specific position as one of the
most consumed commodities all over the
world with unique attributes such as pleasant
flavor, white color, low gluten, sodium,
protein, fat, fiber and high digestible
carbohydrates [5]. On the other hand, potato
is considered a staple crop with more quality
in the market trend, which plays a crucial role
for food chain security of developing
countries and supplies 50 % required energy
efficiency with rice, wheat and also corn [7].
Quinoa is an inherently beneficial crop with
high nutritive value comparable to ancient
grains owing to 10 to 18 % protein, a
balanced amino acid composition (further
lysine and methionine), gluten-free, 52.3 %
linoleic and 3.9 % linolenic acids [10].
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Malva neglecta plant contains vitamins A, B
and C, tannin, leucoanthocyanidin,
anthocyanin, malvin  glycoside  and
flavonoids, which antioxidant traits and also
chelating ability are chiefly due to the effect
of these components [11]. Several researches
had been conducted on the sedative,
antifungal, antibacterial, antiviral,
inflammatory, antioxidant, immune system
regulating and anti-mutagenic effects of
flavonoids in this plant [11 and 12].

anti-

No research has been found on the desired
composition so far and the purpose for in
present study is to optimize the formulation
of gluten-free rice cake enriched with
different potato flour (10, 20 and 30 %),
quinoa powder (50, 60 and 70 %) and Malva
neglecta powder (0, 2.5 and 5 %) and
investigating  qualitative  characteristics
(moisture, ash, fiber, specific volume,
texture, antioxidant features) and sensory
evaluation.

2- Materials and methods

2-1- Materials

Raw materials including potato flour, rice,
whole quinoa, sunflower oil, eggs and baking
powder, vanilla and also sugar purchased
from Bartar Food Product, Tarkhineh,
Quinoa Aman Green Farm, Oila, Armaghan
Chicken Companies and supermarkets in
Tehran, respectively. Malva neglecta plant
was obtained from the local market of
Andimeshk city and powdered after washing
and also drying.

2-2- Cake preparation

The formulation of 100 g prepared cake
included eggs 65 g, sunflower oil 5 g, water
7.6 g, salt 0.3 g, baking powder 0.2 g and
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tartar cream 0.2 g. Briefly, eggs, corn oil, salt,
baking powder and tartar cream were blended
using a mixer (Bonito, HM 200 K) at low and
medium speeds about 1 and 20 min.
Afterwards, water, potato (10, 20 and 30 %)
and quinoa (50, 60 and 70 %) flour were
stirred at low speed for 5 min and rice flour
was applied in each sample to reach 100 %.
In the final stage, Malva neglecta powder (0,
2.5 and 5 %) was added at less speed during
3 min. Then, cake dough was placed in
silicone molds and baked at 190 °C about 18
min in a preheated electric oven (Techno)
[13].

2-3- Physicochemical aspects

The moisture and ash contents were
measured using an oven (Memmert
ULM500) and also electric furnace

(Thermolab) at 105 °C about 4 h and 600 °C
until the ash turned white to reach a constant
weight, respectively. The crude fiber level
was calculated through AACC standard
method number 32-10; initially, sample was
defatted by petroleum ether, then 3 g
treatment with 200 mL of 0.255 N sulfuric
acid were mixed into the porcelain crucible.
Boiling was done for 30 min and after this
step, the acid was discharged by the device
vacuum. The 200 mL of 0.313 N NaOH
solution was added to ingredients inside the
porcelain crucible and boiled about 30 min
and then resulting mixture was evacuated
under device vacuum. Afterwards, the
material inside porcelain crucible was
washed several times using water and finally
placed at 100 °C until reached to a constant
weight. Then, porcelain crucible was placed
in the oven at 550 °C and turned into ash;
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after cooling and weighing, fiber level was
obtained using Eq. 1 [14]:

Eq. 1: F= [(W, — W;)/M] x 100

Where M, F, W and W1 are sample in g, total
fiber, the weight of porcelain bush containing
the sample and ash after baking and also
furnace, respectively.

2-4- Texture profile assay

The specific volume for cakes was measured
according to AACC 72-10 using the
replacement method of millet seeds [14]. The
texture analyzer (Hounsfield H5KS) was
equipped with an aluminum cylindrical probe
(36 mm diameter and 50 N load cell) to
determine feature. Texture profile analysis
double compression test was performed at 2
mm/s speed, which regulated to 50 % initial
height with 30 S delay between the first and
the second modes and also cake slices mm
(15 thickness) were applied for analysis [10].

2-5-  Trolox
capacity

equivalent antioxidant

The 7 mmol/L solution of 10 mL 2,2'-azino-
bis(3-ethylbenzothiazoline-6-sulphonic acid)
and 51.4 mmol/L K>S:04 (0.5 mL) were
mixed to obtain a radical cation at A = 734 nm
and 0.7 £ 0.05 absorbance. The obtained
samples (20 L) was blended to solution of
1480 L 2,2'-azino-bis(3-
ethylbenzothiazoline-6-sulphonic acid) for
measuring in cuvettes. The 10 L suitable
diluted samples, standard and blanks were
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placed into microplate wells to evaluate.
Afterwards, time and reaction were measured
by adding 290 L of mentioned solution and a
microplate reader with an injector. The
reaction was performed at 30 °C in darkness
about 6 min for microplates and cuvettes;
then, absorbance was expressed. The 1.00
mmol/L stock solution was used to calibrate
and achieved results were reported as mmol
trolox equivalents per L for dry cake
combination with Malva neglecta powder
and gluten-free, as depicted in Eq. 2 [15]:

Eq. 2: ABTSpy = (ABTSC — (ABTSs, x %)) +

ABTSgLp XN
100 %

Where ABTSc and ABTSpLp are the
antioxidant capacity of gluten-free rice cake
and also Malva neglecta powder measured by
2,2'-azino-bis (3-ethylbenzothiazoline-6-
sulphonic acid) diammonium salt assay,
respectively and N is the Malva neglecta
percentage.

2-6- Sensory assessment

The obtained samples were chopped 3 h after
manufacture and coded and after that they
were investigated by 10 trained panelist for
assaying several attributes such as color,
aroma, smell and taste, texture and overall
acceptance through a 5-point hedonic scale
test. In this assessment, the  numbers
corresponded to 5, 4, 3, 2 and 1, which
indicated excellent, good, average, weak and
extremely bad [2].
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2-7- Fourier  transform infrared
spectroscopy (FTIR) analysis of optimum
cake and control

The chemical components of optimum (18.08
% potato, 65.15 % quinoa and 4.81 % Malva
neglecta powder) and control (100 % potato
without enrichment) cakes were studied
using FTIR spectroscopy (Thermo Nicolet
Corp., Madison, WI, USA) from 400 to 4000
cm [16].

2-8- Statistical analysis

Box-benken design was employed including
three independent variables of potato (10, 20
and 30 %), quinoa flour (50, 60 and 70 %)
and Malva neglecta powder (0, 2.5 and 5 %),
which these combinations were selected to
study and optimize the variable effect. The
levels were chosen based on preliminary
assays for independent variables (without
determining the data). The designed model
was applied to predict the relationship
between investigated response and selected
experimental  variables and  statistical
analysis was performed using SPSS 23.0.0
software.

3- Results and Discussion

3-1- Physicochemical attributes of gluten-
free rice cake samples

The moisture absorption is corresponded to
the microbial, chemical and physical
functions in cake samples, which is
particularly prominent for ensuring sufficient
shelf life of grain and their products due to
microbial spoilage, especially certain fungi
types [8]. The obtained laboratory results and
predicted responses for each experimental
unit illustrated the moisture level in 20.10 to
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30.20 % range (Table 1). After converting the
t-test table results, all sentences with not
statistically significant were removed and Eq.
3 changed as follows:

Eq. 3: Y, =11.2 +
0.565417 X, — 0.04375 X, — 0.0055 X, X,

Y is moisture samples, which are coded
responses of independent variables X (potato
%), X2 (quinoa %) and X3 (Malva neglecta).
The influence of improvement percentage for
potato and quinoa flour are demonstrated on
moisture regimes in gluten-free rice cake
samples by 2.5 % Malva neglecta presence at
a central point, which elevated with both
factors, as depicted in diagram 1(a). The
maximum moisture belonged to a sample
with 0 % Malva neglecta, 30 % potato and 60
% quinoa flour.
Figure 1

The results outlined that Malva neglecta
powder had no impact on sample moisture
owing to hydrogen bonds, which enhanced
by quinoa flour addition and higher fiber
content; on the other hand, absorption and
retention of water molecules in product
improved during cooking due to further
groups in structure [7]. The
moisture availability changed significantly

hydroxyl

from 27.99 to 29.91 % by replacing quinoa
flour with rice and potato in cake samples
[10]. Some researchers did not find out any
significant difference between the moisture
absorption of gluten-free and control cakes [6
and 17].

The 0.50 to 2.51 % range of ash response was
distinguished in gluten-free rice cake samples
(Table 1). According to t-test table results
and examining the relationship between
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independent and also dependent variables,
Eq. 4 was outlined as follows:

Eq. 4:
Yz
= —4.55833 + 0.0208333X; + 0.137083 X,
+ 0.521667 X;— 0.001332 X2 — 0.011X, X
— 0.004 X, X5

The ash contents of gluten-free rice cake
samples (Y2) are coded responses and
independent variables. The optimal ash for
gluten-free rice cake samples illustrates that
different effects of variable levels can be
obtained and these results are depicted in
Figure 1 (b and c) as response surface
diagrams. The higher potato flour and Malva
neglecta percentages enhances ash condition
in Figure 1 (b), which quinoa is constant at
central point (X3: 50 %). Figure 1 (c) displays
the percentage effect of quinoa flour and
Malva neglecta powder on ash target and in
this condition, potato flour is kept constant at
central point (X2: 20 %) that mentioned factor
declines with potato flour addition, but
further ash is in line with quinoa increment.
The sample with 5 % Malva neglecta
powder, 10 % potato and 60 % quinoa flour
had the maximum ash.

The more Malva neglecta powder had led to
an ash enhancement because of mineral
compositions [7]. The ash level was elevated
by adding marjoram plant extract to cake
flour [18] and changed significantly from
1.13 to 1.58 % through replacing quinoa flour
with potato, which was attributed to 2.45 and
0.24 % minerals and also bran, respectively
[10].

Fiber is considered as one of the beneficial
nutritional profiles for humans, which
improves quality assurances and extends the



Amirhossein Khaksari, Marjan Nouri

Quinoa flour and Malva neglecta powder ...

product shelf life owing to hydrophilic nature
and also further cellulose [5]. The amount of
fiber in gluten-free rice cake samples was
estimated from 0.21 to 0.58 % (Table 1). Eq.
5 was obtained using t-test table results and
examining the relationship  between
independent and dependent variables:

Eq. 5: Y; = - 1.16625 + 0.0369167 X; +
0.020375X, + 0.165833X; +

0.00128333 X2 — 6.25 X, X, — 0.0015 X, X5 — 0.002 X, X,

The coded levels and independent variables
are exhibited by Y3 as the fiber of gluten-free
rice cake samples. The effect of higher
percentages for quinoa and potato flour in
samples is observed on fiber, which Malva
neglecta powder is kept constant at a central
point (X3: 2.5 %), as indicated in Figure 1 (d),
which the mentioned factor is elevated and
diminished using more quinoa and potato,
respectively. Figure 1 (e) represents the
influence of potato flour and Malva neglecta
powder on target factor and quinoa is
constant at central point (X2: 60 %) and also
fiber is aligned with both components. The
highest fiber corresponded to a sample with
10 % potato, 70 % quinoa and 5 % Malva
neglecta powder.

The ash content was enhanced using higher
quinoa due to fiber compared to potato and
wheat flour, which confirmed by previous
research results [7, 10 and 19]. Malva
neglecta plant is found to be a promising
source of vitamins A, B, C, fiber, flavonoids,
carotenoids, tocoferol, carbohydrates,
unsaturated fatty acids, beta-carotene and
lycopene [12]. Previous researchers had
presented that apple pomace [5], mango pulp
and skin [20], black seeds and also green tea
[21] as enriched sources improved fiber
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factor in cake samples, which was in line with
plant presence in this research.

3-2- Textural evidence of gluten-free rice
cake samples

The specific volume is considered is one of
the key parameters in baked product quality
for customer evaluations [10]. The variance
analysis results of specific volume data in
Table 2 with different stability values are
found to be between 1.02 and 3.61 (Cm?/g).
The satisfactory state with a high explanatory
coefficient and non-significance of model
mismatch test were represented (Table 2) and
Eq. 6 was indicated as follows (Y4: volume
of gluten-free rice cake samples):

Eq. 6: Y, = —139625 +
046125 X, — 0003 X2 + 0004 X,X,

Figure 1 (f) demonstrates the impact of
higher quinoa and Malva
percentages on specific volume for cake
samples in potato flour presence at a constant
central point (X3: 20) and this parameter is
improved with elevation of both factors.

neglecta

The further protein of quinoa flour provides a
higher specific volume, which develops by
enhancing dough viscoelasticity and duration
before semi-solidification, which related to
interaction and transfer of protein starch [22].
The previous results pointed out that cake
volume was attributed to storage capacity
during baking not initial air [22 and 23].
Similar result was found that replacement of
rice and corn flour with quinoa significantly
improved bread volume [19]. Manufactured
cake samples including different levels of
gum (xanthan and cress) had a higher specific
volume than control (rice and corn) in
another research [23].
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The texture range of gluten-free rice cake
samples was estimated from 17.90 to 2.35 N
(Table 2), which was depicted in Eq. 7:

Eq. 7: Ys= —208375 — 0437917 X, +
1.07625X, + 0.00979167 X2 —

0.00720833 X2 — 0.151333 X2 +

0.00925 X,X, — 0.028 X, X,

The resulted texture in Y is coded responses
and independent factor and also there are
only significant relationships between
different variables. The influence of more
quinoa and potato flour is detected on textural
features with concentration (X3: 2.5 %) for
Malva neglecta remaining constant, which
hardness distribution is improved by further
quinoa flour and potato powder in Figure 1
(g). Hardness is affected by adding potato
flour and Malva neglecta powder, as clarified
in Figure 1 (h) and corresponds to stable
quinoa (X2: 60 %), which enhancement in
highlighted index are aligned to more both
factors. A smooth texture was a chief goal in
cake not hardness; therefore, the lowest
hardness level belonged to a sample
including 10 % potato, 50 % quinoa and 0 %
Malva neglecta powder.

Carbonic gas, virtual chemicals that release
them or aeration by heating oil, sugar and
eggs applies to create porosity in cake
texture, but maintaining the spongy state is
due to gluten network [22]. No gluten was
distinguished in cakes of present research,
which related to hardness; however, Malva
neglecta powder could play the role of an
emulsifier owing to unsaturated fatty acids
and reduce hardness [12]. The effect of
replacing quinoa flour on textural attributes
(hardness, elasticity, adhesion and flexibility)
in gluten-free rice cakes exhibited that
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sample without quinoa indicated the
maximum hardness value and adding this
component caused a significant reduction in
the highest force when broken, which was
correlated with mentioned index [19]. The
elasticity of cake crumbs was related to
protein accumulation that indicated a fresh,

aerated and elastic product [22].

3-3- Antioxidant status of gluten-free rice
cake samples

The peroxide results represented the
satisfactory condition of model with a high
explanatory coefficient and the
significance for mismatch test in the 1 to 7.17

non-

range (umol Trolox g! dry matter), as
depicted in Eq. 8:

Eq. 8: Y = —5.01 — 0.749833 X; +
0.233667 X% + 0.0127 X,X;

Eq. 8 displayed that antioxidant traits in Y
represented coded responses and independent
variables. As revealed in Figure 1 (i), the
addition of Malva neglecta powder and
quinoa flour has an influence antioxidant
function, when potato flour is stable at central
point (X;: 20) and this feature is developed
by further both factors.

The usefulness of plant components was
based on stability and health benefits for
bioactive substances after processing [12].
The effects of phenol-rich additives with high
antioxidant activities had been illustrated in
food products [5]. In present result, Malva
neglecta had led to an improvement in
antioxidant features of cake samples due to
phenolic contents, which was consistent with
previous researchers [11 and 12]. The
broccoli leaf waste (0 to 2.7 %) was applied
in sponge cake, which enhanced the
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antioxidant characteristics Thermal

[4].
processing did not affect hydrophilic nature,
especially total phenolics or antioxidant

potential of gluten-free rice cake [24].

3-4- Sensory evaluation of gluten-free rice
cake samples

The satisfactory high
explanatory coefficient and non-significance
of model mismatch test were demonstrated
and the range was 2.7 to 5 (Table 2). Eq. 9
was obtained using the t-test table results and
examining the relationship  between
independent and also dependent variables:
Eq.9: Y, = —17.0875 + 0.0820833 X, +
0.708750 X, + 0.626667 X3 —

0.00370833 X? — 0.00620833 X3 —

0.103334 X2 + 0.00125 X, X, + 0.01 X,X5 —
0.008 X, X5

status with a

Y7 included the coded responses and
independent variables and also there are only
significant relationships between different
variables. Sensory attributes are influenced
by increasing potato and quinoa powders
while maintaining a constant percentage of
Malva neglecta (X1: 2.5 %), as appeared in
Figure 1 (j), which with
enhancement in both factors to a point and
then declines. Figure 1 (k) reveals the impact
of higher quinoa and Malva neglecta powder
on target factor in condition that potato flour
is kept constant at a central point (X2: 20 %)
and this index enhances and diminishes by
adding components, respectively. The effect
of more potato and Malva neglecta powder is
detected on sensory evaluation with stable

improves

quinoa flour (Xi: 60 %), which enhancement
until to a point and reduction in this
assessment are observed using further
substances in Figure 2 (g). The formulation
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of 23.53 % potato, 58.28 % quinoa and 1.91
% Malva neglecta powder was corresponded
to the maximum sensory integration.

Some researchers stated that hydrocolloids in
production of gluten-free products improved
the sensory characteristics [5 and 8]. Overall
acceptance scores determined from 7.7 and
7.1 for gluten-free rice cakes prepared with
rice flour, corn and adding 0.3 and also 0.4 %
xanthan gum, respectively [25]. The previous
research  reported sensory acceptance
evaluation ranging from 0.7 to 4.8 in gluten
and egg-free cookies produced by rice flour
and also different jambolan fruit pulps with
or without xanthan gum [26 and 27]. The
color, moisture, softness and water activity
indicators were improved in gluten-free rice
cake owing to presence of roasted quinoa
compared to normal form with less sensory
acceptance [17]. The results confirmed that
quinoa flour significantly elevated the
sensory characteristics of gluten-free rice
cakes [10]; however, excessive quinoa had a
negative effect on overall acceptance scores
due to bitterness and inadequate flavor [19].

Table 2

3-5- Formulation optimization of gluten-
free rice cake samples

Optimum production conditions for gluten-
free rice cake formulation with the highest
moisture (27.07), ash (2.19), fiber (0.51),
specific volume (3.09 Cm?/g), antioxidant
feature (6.69 umol Trolox g'! dry matter) and
sensory evaluation (3.46) and also the lowest
hardness (26.08 N) were correlated to 18.08
% potato, 65.15 % quinoa and 4.81 % Malva
neglecta powder. The results obtained by the
confirmation assays were performed with
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two repetitions and no significant difference
was not revealed between the predicted and
actual values.

3-6- FTIR spectroscopic assay

This spectrum was evaluated in order to
determine the structural functions of cake
treatments (Figure 2). The peak in an area of
polysaccharides attributed to stretching or
bending C-O, C-C and C-O-H (600-1150 cm’
! vibrations was more intense in optimal
sample due to potato and high starch in flour
than control [16 and 28]. The amide I, II and
III vibrations were correspond to different
protein components in all spectra. The amide
I (1600-1700 cm™) indicated the presence of
B-turn structure and a-helix elements, amide
II (1480-1575 cm™') and amide III (1200-
1400 cm™) from potato and also rice protein
[16 and 29]. The examination of amide III
region (1200-1350 cm™) in optimal sample
preparation illustrated that mucilage related
to quinoa had caused cell and protein
hydration; therefore, low beta structures and
random compounds changed [28]. The
finding suggested that after adding quinoa
and Malva neglecta powder, glycoprotein
content of optimal sample was potentially
significant [29]. It seemed that absorbance
values in the range of 1500-1800 cm™ were
consistently associated with functional
groups in organic acids and proteins and also
intensity enhancement of peaks for optimum
samples could be attributed to quinoa
including proteins, glucuronic acid and also
essential oil that possessed organic acids with
carboxyl groups [16]. The peaks around 3000
cm™' demonstrated CH groups belonging to
alkane group and asymmetric stretching
vibrations of carboxylic acids owing to free
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sugar in samples [29]. The peak in the range
of 3500-3000 cm™' was observed, which
related to stretching vibration for O-H groups
in all samples, which could be related to
sugars (rhamnose and xylose), phenolic
compounds, water and secondary N-H
groups that overlapped [28]. The intensity of
peak in control was lower than optimal
sample, which was due to quinoa absence as
a water absorbing agent.

Figure 2

4- Conclusion

The exhibited that
substitution of quinoa flour significantly
elevated the physicochemical and quality
indicators for cakes in present research.
Textural analysis proved that dough stability,

obtained results

homogeneity and mechanical strength
improved using quinoa flour. Furthermore,
nutritional, technological and sensory

attributes were enhanced by adding quinoa
flour and optimal formulation of target cake
had 18.08 % potato, 65.15 % quinoa and also
4.81 % Malva neglecta powder. The present
research concluded that 65 % quinoa flour
could be successfully in formulation of
gluten-free rice cake without causing any
negative effects and Malva neglecta powder
had an impact on improving nutritional value.
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