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ABSTRACT

The introduction of biofortified cassava (BC) varieties was aimed at addressing vitamin A deficiency identified in
sub-Saharan African countries. However, the challenges lie in preserving the carotenoids during the processing of
BC roots due to the susceptibility of carotenoids to degradation. This study focused on investigating the impact of
fermentation conditions on the retention of carotenoids and the sensory appeal of its gar7 and its cooked dough,
¢ba, using Hedonic and just-about-right (JAR) scales. The solid-state fermented samples consistently retained high
levels of trans isomer of beta carotene after 48 h in samples subjected to daylight conditions as well as those in a
dark environment. Additionally, a negative correlation was observed between the percentage retention of total beta
carotene and the yellowness of the fermented samples. The fermentation time had a significant (p<<0.05) effect on
the sensory attributes on the hedonic scale. The colour, aroma, moldability, and texture of eba, were significantly
(p<0.05) affected by the light exposure during fermentation. The texture and overall acceptability were significantly
(p<0.05) influenced by the fermentation time when assessed using the JAR scale. In conclusion, carotenogenesis was
achieved during the solid-state fermentation of biofortified cassava, and the most bioactive isomer of beta-carotene
was optimally retained.
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1.0 Introduction 2010). Nigetia is the leading producer of cassava

Cassava ((Manihot esculenta Crantz) is a significant
global crop, and in Nigeria, it serves as a staple food
for over 100 million people daily (Onyemauwa,
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globally, with its production increasing from 42.5
million tons in 2010 to 61 million tons in 2020
(World Food and Agriculture, 2021). Small-scale
farmers predominantly cultivate cassava due to
its resilience in long-term drought and poor soil
conditions compared to other staple crops (Esuma
et al, 2016). In African countries, 50% of the
cassava produce is consumed as processed food,
38% in fresh or cooked form, and 12% is used
for animal feed (Ceballos ez a/, 2017). While white
cassava, commonly available, can meet most of the
body’s daily energy requirements, it lacks sufficient
protein, essential micronutrients, and vitamin A
(Montagnac ¢z al., 2009). Vitamin A deficiency is
a significant public health concern, followed by
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iron, zinc, and iodine deficiencies (Owens ¢f al,
2014). Vitamin A deficiency increases susceptibility
to infections, particularly in women and children,
and can lead to illnesses and vision impairments,
potentially causing partial or complete blindness
(Saltzman ez al, 2013). It has been reported that
two-thirds of dietary vitamin A worldwide and
over 80% in the developing world come from
carotenoids in vegetables (Ceballos e af., 2017)

Ongoing efforts are being made to enhance the
nutritional value of cassava through biofortification,
resulting in increased carotenoid content (Udoh
et al., 2022). Carotenoids are important for their
conversion to vitamin A when consumed, and
biofortified varieties are gaining acceptance and may
help address vitamin A deficiency in sub-Saharan
Africa (Udoh et al, 2022). However, retaining
carotenoids during the processing of biofortified
cassava roots into commonly consumed products
remains a challenge due to their susceptibility to
degradation caused by processing (Maziya-Dixon
et al., 2015).

Interestingly, carotenoid-producing genes have been
found in lactic acid bacteria isolated from fermen-
tation processes (Garrido-Fernandez et al, 2010;
Turpin et al, 2016; Antognoni ¢z al, 2019), while
the manipulation of illumination has encouraged
B-carotene synthesis by carotenoid-producing fungi
(Bhosale ez al. 2002). Fermentation, a key process in
cassava conversion to shelf-stable products, involves
the activities of microorganisms and can result in
higher productyields and improved quality (Londofio-
Hernandez et al. 2020). Successful adoption of
biofortified cassava in combating vitamin A deficiency
in sub-Saharan Africa requires careful consideration
of post-harvest processing methods to optimise
carotenoid retention. Since carotenoid retention is
greatly influenced by the processing methods and
variety used (Eyinla ez a/, 2019), the study examined
the impact of fermentation conditions on carotenoid
retention and sensory acceptability of solid-state
fermented biofortified cassava product.

2.0 Materials and Methods

2.1 Materials
TMS-IBA-070593, a biofortified cassava variety,
was used in this study. It was obtained from the
International Institute of Tropical Agriculture
(IITA) in Ibadan. Chemical reagents of analytical
grade were used.

2.2. Methods

2.2.1 Sample preparation/analysis

TMS-IBA-070593  mature (aged 11-12
months) were harvested from the International
Institute of Tropical Agriculture (IITA) research
farm in Ibadan, Nigeria. Gari was prepared
according to the procedures outlined by Eyinla ez a/.
(2019). A hundred and ten kilogrammes of freshly
harvested roots were divided into 11 parts of 10
kg each. Using a stainless-steel knife, each part was

roots

manually peeled simultaneously and thoroughly
cleaned with potable water. The washed roots were
immediately grated using an electricity-driven engine
and packed in polypropylene woven sacks and
labeled A to J. Five of the sacks were white and the
other five were black. The five white-colored sacks
were closed and left under shade, whereas, the five-
colored sacks were closed and kept in a dark room
for spontaneous fermentation. The eleventh sample
was treated as a control sample after zero hours of
fermentation. Unfermented control samples were
immediately taken to the laboratory.

Every 24 h, a sack of samples was withdrawn
from each of the A-E and F-] sections. The
withdrawn sack was dewatered by pressing in a
locally fabricated hydraulic press, and 1 kg of
the pressed mash was wrapped in aluminum foil,
kept in a Ziplock bag, and taken to the laboratory
immediately for analysis under cold chain in locally
source polystyrene foam boxes. The remaining
pressed samples were garrified at temperatures <
80°C. Temperature was measured using a Benetech
digital infrared thermometer. The procedure was
repeated for all samples withdrawn every 24 h for
5 days of fermentation. The colour profile analysis
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was performed immediately on the samples. Wet-
fermented samples for carotenoid analysis were
stored in thermocool freezer at — 6°C ptior to
analysis.

2.2.2 Carotenoid identification and quantification
The carotenoid profile of freshly harvested
root and fermented cassava mash was analyzed
using high performance liquid chromatography
(HPLC) procedures reported by Rodriguez-Amaya
and Kimura (2004) in HarvestPlus handbook
for carotenoid analysis. True retention of total
carotenoid and total beta carotene were calculated
using methods described by Maziya-dixon et al,
2015.

2.2.3 Colour
Colour characterisation of the samples was done
according to Carvalho e al. (2022).

2.2.4 Sensory evaluation

Sensory evaluation of gar7and its cooked dough, ¢ba,
was conducted using a “hedonic scale”, employing
modified methods from Lasekan e al (20106),
while the “just-about-right” scale was conducted

with methods described by Bechoff ez 2/ (2018).
Sensory parameters assessed included the color,
aroma, sourness, sweetness, and texture of gar’, as

well as the color, aroma, moldability, and texture
of eba.

3.0. Results and Discussion

3.1. Carotenoid retention

Fermentation has been widely utilised in the
processing of cassava into various African staple
foods (Ogbo e al, 2006). An initial decrease
in the total carotenoid (TC) content of the
fermented mash was observed in the first 24 h
of fermentation under both daylight and dark
conditions. The retention rates were 41.59%
and 69.73% respectively, compared to the initial
content of 82.87%. This can be attributed to the
spontaneous degradation of carotenoids caused
by exposure to environmental factors during pre-
fermentation unit operations. The decreased total
carotenoid (TC) under daylight conditions may be
attributed to TC degradation caused by exposure
to daylight and other environmental factors, as
compared to the dark condition (Figure 1).
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Fig. 1: Changes in total carotenoid (TC) during a 120 h fermentation of grated cassava mash under light and

dark conditions
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In this study, only B-carotene was detected as the
PVA carotenoid. This contrasts with the findings
of Ceballos ef al. (2017), who reported the presence
of PB-Cryptoxanthin, a-carotene, and lutein in
biofortified cassava roots. However, Yeum and
Russell (2002) reported that B-carotene is the
major PVA found in cassava, while some non-PVA
carotenoids are also found in the parenchyma of
cassava toot.

An initial decrease in the total B-carotene (TBC)
was observed during the first 24 h of fermentation.

Carotenoid retention decreased during the initial
24 h of fermentation. This can be attributed to
the spontaneous degradation of carotenoids due
to exposure to environmental factors during pre-
fermentation unit operations. The reduced total
B-carotene (IBC) in the day light condition could
be attributed to the degradation of TBC due to
photodegradation and other environmental factors,
as compared to the degradation of TBC in the dark
room environment (see Figure 2).
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Fig. 2: Variations in total beta carotene (TBC) during a 120 h fermentation in light and dark conditions

Collard and Levi (1959), as well as Collard (1963),
reported that Corynebacterium  manihot ~ dissolves
starch within the first 48 hours of fermentation,
and organic acids such as lactic and acetic acid
are released (Oyewole and Odunfa, 1988). In this
study, at the 48th hour of fermentation, the total
beta-carotene (TBC) of the DE further reduced to
57.3%, while that of the LE slightly increased to

67.06%. The filtrate from the fermenting mash was
relatively retained in the dark room experimental
condition compared to the daylight experimental
condition. The degradation could have been caused
by the dissolution of the dark room where some of
the retained TBC were dissolved in the leached fluid
containing organic acid due to the hydrophobic
nature of carotenoids (Sliwka ez a/, 2009). The



50 Nigerian Food Journal Vol. 42 No. 2, 2024

carotenoid retention in the LE rose after the 24th
hour of fermentation and exhibited on undulating
pattern as the fermentation extended, despite being
exposed to daylight, because of uncontrollable
environmental factors. The mash in the dark
room experienced a gradual increase in the TBC
as the fermentation time increased, with optimum
retention values of 106.4% and 104.7% respectively
(Figure 2). Similar findings were reported by Eyinla
et al. (2019), who observed a 41.93% retention after
one day and a 30.33% retention after three days of
solid-state fermentation of the TMS 0597 cassava
variety. It is also consistent with the report of
Osagie et al. (2019) that gari made from fermented
yellow cassava has a relatively higher level of beta
carotene compared to gari made from unfermented
cassava mash, depending on the duration of the
fermentation process. In compatison to products
made from fresh cassava roots, Bokanga (2001)
found that various fermented cassava products
contained higher levels of riboflavin. This further
suggests that some vitamins may be synthesized
during fermentation. During the fermentation of
cassava, the grated cassava mash is exposed to light,
oxygen, and microorganisms, which break down
the cassava substrate to produce organic acids.
The increase in total beta carotenoids (TBC) count
is due to the activity of microorganisms, as light
and oxygen can degrade carotenoids. Factors such

as light, pH, and temperature of the medium can
influence the production of carotenoids by bacteria
and fungi (Ramirez ez al, 2001; Burja ef al, 2000;
Santos et al., 20106).

The transformation from trans to cis form was
monitored during fermentation. The control sample
had 83.49%, 91.74%, and 102.38% of 9-cis, 13-
cis, and trans isomers of carotenoids, respectively.
The fermented samples consistently retained high
levels of trans isomer, with varying retention values,
during the fermentation period. Carotenoids atre
naturally present in the trans isomer in food but can
be isomerized to the cis-isomer (9-cis and 13-cis)
during processing or exposure to UV light and heat.
In this study, the trans isomer was predominantly
retained which is consistent with previous findings
(Bechoff e al, 2018; Thakkar ez al, 2009; Kimura
et al., 2007). Both light exposure and fermentation
duration significantly (p<<0.05) influenced the trans-
cis isomerization of carotenoids. At the 48th hour
of fermentation, the trans isomer was optimally
retained, with a percentage retention of 85.5%
and 70.4% in the daylight condition and darkroom
respectively. By 120 hours of
fermentation, the retention percentage of the trans
isomer increased to 98.7% in the daylight condition
and 126.0% in the dark room environment (Figure
3).
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Fig. 3: The trans-cis isomerization process during a 120-hour PVA cassava fermentation.
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Cis-isomers’ conversion is considered a disadvantage
of processing, as they have about half the provitamin
A activity of trans-B carotene. The levels of 9-cis
and 13-cis isomers in cassava mash reached their
lowest points after 24 hours of fermentation in
daylight and 48 hours in the darkroom environment.
Total carotenoids (TC) and total B3 carotene (TBC)
synthesis began at 48 hours in the dark room and
at 24 hours in the daylight condition. This suggests
that carotenoid isometrization from trans to cis form
is minimal during fermentation, and the fermenting
organisms do not promote this isomerization.
At the end of fermentation, the bioactive trans-
isomer, was more abundant than the cis isomer. The
trans-cis isomerization depends on the duration
and intensity of carotene exposure to processing
conditions and a variety of differences. Predicting
trans-cis isometrization during cassava processing is
challenging due to the interaction between variety
and processing;

3.2. Colour parameters

The colour parameters (lightness, redness, and
yellowness) of the cassava mash were monitored
under different fermentation conditions. Lightness
(L*) and yellowness (b*) were significantly affected
by light exposure during fermentation (Table 1).
There is a negative correlation between TBC, and
the yellowness of the samples (supplementary
Table 1). Although, the yellow hue of biofortified
cassava vatiety is due to the existence of PB-carotene,
the depth of the yellow color may not always signify
a greater P-carotene concentration. The visible
yellow pigment might be generated by fermenting
organisms like Corynebacterium variable, which is
recognized for producing yellow pigmentation
during cultivation (Collard 1960). The yellow
color of the mash showed a significant negative
correlation with TBC, and day light exposure.

Table 1: Effect of lightning and fermentation duration on colour parameters of fermented

cassava
Lightness (1¥*) Redness/Gteenness (a*)  Yellowness/Blueness(b*)

Daylight
Light 96.34£0.17 0.1620.08 58.4410.26
Dark 97.94%0.17 0.03£0.08 59.68£0.26
LSD 0.52 0.25 0.79
P<0.05 <0.001 0.263 0.005
Fermentation duration
0 92.78 * £0.30 0.09* £0.14 55.30*+0.44
24 98.03>+0.30 -0.60*£0.14 63.1491+0.44
48 97.86°+0.30 0.01°10.14 62.17410.44
72 97.57°£0.30 0.43>£0.14 57.36" £0.44
96 97.72°+0.30 0.35" £0.14 57.44° £0.44
120 98.86°10.30 0.30> £0.14 58.96° +0.44

Figures with the same alphabets across each column are not significantly (p<0.05) different from each other, while
figures with different alphabets across each column are significantly (p<<0.05) different from each other.
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3.3. Sensory evaluation

Sensory evaluation is a scientific approach used to
assess and interpret human responses to products
based on their sensory perceptions. The hedonic
scale gauges a respondent’s preference or aversion
to a sensory attribute, while the just-about-right
(JAR) scale measures the ideal level of a sensory
attribute in a product considering its intensity and
acceptability. The hedonic scale is widely used due
to its ruler-like and equally spaced properties. The
JAR scale is a bipolar measurement with opposing
anchors at each end and a midpoint labelled as
Just-right” or just-about-right” (Booth ez a/, 1983;
Shepherd ez al., 1989; Anon 2003; Meullenet ¢ al.,
2007, Rothman and Parker, 2009). This midpoint is
considered the participant’s ideal level (van Trijp, ez
al., 2007). The combination of the hedonic and JAR
scales offers guidance for product reformulation or
optimisation (Lu ez af., 2023).

The panelists involved in this study were untrained
but regularly consumed biofortified cassava gari.
This aims to eliminate the biases in the JAR scale,
as identified by Rothman and Parker (2009),
which result from cognitive factors that influence
perception. The panelists did not find that daylight
had a significant effect on the sensory qualities of
gar, as assessed using both the hedonic scale (Table
2) and the JAR scale (Table 3). The hedonic scores
for the sensory qualities ranged from “neither liking
nor disliking” to “slight liking”” The JAR ratings for
the gari samples varied from “insufficient” to “just
about right” for aroma, colour, sourness, taste, and
texture. The aroma of gari produced from the 120
h fermented mash was perceived as “just about
right.” The aroma detected in this sample can be
attributed to the accumulation of organic acids
during this fermentation period, which is consistent
with the characteristic of “Ijebu gari”, highly prized
by southwestern Nigerians. The panelists mostly

rated the aroma of gari samples as ‘neither liked nor
disliked” on the hedonic scale, except for the gari
samples from 48 h of fermented mash, which were
assessed as ‘slightly liked’.

The panelists found that the gar7 samples from 72
h fermented mash had a “just about right” colour,
although this sample was also rated as “slightly
liked” on the hedonic scale. Other samples of gar
were found to have a “lightly yellow” colour, which
was not preferred by the panelists according to the
JAR scale. The panelists were indifferent toward
them on the hedonic scale. This is in-line with
the findings of Shepherd ¢f a/ (1985) and Vickers
(1988), who suggested that JAR and hedonic ratings
may not predict the same optimal ingredient levels.
The Chroma meter was also able to measure the
level of yellowness in the gari, with optimal levels
found in samples prepared from 42-h and 72 h
fermented mash (Table 1).

Both JAR scaling and ideal scaling implicitly assume
that a participant has an “ideal” level for a specific
attribute, which may not be valid if the individual
is truly indifferent to changes in that attribute
(Li et al., 2014). The fermentation duration had a
significant (p<0.05) effect on the sensory attributes
measured using the hedonic scale. However, the
aroma and texture were not significantly (p<<0.05)
affected by fermentation duration when the
JAR scale was used to measure the intensity and
acceptability. The observed difference can support
the findings of Moskowitz (2001) and van Trijp ez
al. (2007) that JAR scaling can be a challenging task
for inexperienced consumers. This is because JAR
ratings involve at least three decisions: perceiving
attribute intensity, determining the location of
the participants’ ideal point, and comparing the
difference between perceived intensity and the
ideal point.
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Table 2: Effect of lightning and fermentation duration on sensory acceptability of gari using the
hedonic scale

Colour Aroma OA Sourness Taste Texture
Daylight
Light 4.01£0.10 3.8610.07 3.8710.07 3.76% 0.08 3.90£0.07 3.78% 0.07
Dark 3.96%0.10 3.75%0.07 4.0210.07 3.59+ 0.08 3.881+0.07 371+ 0.07
p<0.05 0.61 0.23 0.11 0.12 0.81 0.57
LSD 0.19 0.19 0.19 0.22 0.21 0.21

Fermentation duration

0 3.76+0.17* 3.61+0.12*  3.98%0.12* 3.23+ 0.14° 3.66%0.13 3.58+0.12
24 4.01£0.17%< 3.86£0.12*  3.88+0.12* 3.56% 0.14*  3.96+0.13*  4.06+0.12°
48 4.35£0.17¢ 4.03+£0.12>  4.06+0.12* 3.93+ 0.14° 4.09+0.13" 4.0310.12°
72 4.20+0.17> 3.90+0.12"  4.16+0.12° 3.80+ 0.14° 4.04+0.13*>  3.81+0.12®
96 3.86+0.17* 3.70+0.12*  3.88+0.12* 3.85+ 0.14° 3.65+0.13* 3.51+0.12
120 3.74£0.17 3.72%£0.12**  3.70%0.12° 3.68+ 0.14" 3.93+0.13*  3.49+0.12

Figures with the same alphabets across each column are not significantly (p<0.05) different from each other, while
figures with different alphabets across each column are significantly (p<<0.05) different from each other.

Table 3: Effect of lightning and fermentation duration on sensory acceptability of gari using the

JAR scale
Aroma Colour Sourness Taste Texture

Daylight
Light 1.8310.04 1.77+0.05 1.75+0.04 1.95+0.05 1.73%0.05
Dark 1.9940.04 1.80+0.05 1.90+0.04 2.15%0.05 1.86+0.05
p<0.05 0.005 0.65 0.02 0.002 0.08
LSD 0.11 0.13 0.12 0.13 0.15
Fermentation duration
0 1.76+0.07 1.36+0.08* 1.66+0.07 1.9540.08* 1.84+0.09
24 1.95%0.07* 1.55+0.08* 1.68+0.07¢ 2.06x0.08* 1.56+0.09*
48 1.860.07* 1.7940.08" 1.9340.07° 2.14£0.08" 1.75%0.09%¢
72 1.98+0.07* 2.15%0.08¢ 1.9440.07° 2.18%0.08* 1.71£0.09*
96 1.88%0.07* 1.90%0.08° 1.80%0.07* 1.95+0.08° 2.00£0.09¢
120 2.01£0.07" 1.9340.08" 1.9340.07° 2.05%0.08* 1.90£0.09"

Figures with the same alphabets across each column are not significantly (p<0.05) different from each other, while
figures with different alphabets across each column are significantly (p<<0.05) different from each other.
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Sensory scores on the e¢ba samples reflect that
daylight exposure did not have a significant (p<0.05)
effect on the aroma, color, moldability, and texture
of the eba samples, as assessed by the hedonic
and JAR scales. The panelists were somewhat
indifferent about the sensory attributes assessed,
including aroma, colour, moldability, mouthfeel,
overall acceptability, and texture of the ¢ba samples
using the hedonic scale . The aroma and texture of
¢ba prepared from 120 h fermented mash were only
rated as “just-about-right”, while other samples
were assessed as having a “too-weak” aroma and
a “too-soft” texture, respectively, according to
the panelists’ preferences. The moldability and
colour of this sample after 120 h were also rated
as “just-about-right.”” The panelists observed that

the fermentation duration significantly (p<0.05)
impacted the color, moldability, and texture of the
¢ba samples, as assessed using the JAR scale. This
can be related to the absorption of starch during
the fermentation process and the gelatinization of
the starch during eba preparation. The texture and
overall acceptability were significantly (p<0.05)
influenced by the fermentation duration when
assessed using the hedonic scale. This can be related
to the absorption of starch during the fermentation
process and the gelatinization of the starch
duting eba preparation. The texture and overall
acceptability were significantly (p<0.05) affected
by the fermentation duration as evaluated using the
hedonic scale.

Table 4: Effect of lightning and fermentation duration on sensory acceptability of eba using the

JAR scale
Aroma Colour Mouldability Texture

DayLight
Light 1.9240.03 1.760.04 1.9610.03 1.83%0.03
Dark 1.93%+0.03 1.83%0.04 2.04£0.03 1.86%0.03
p<0.05 0.88 0.26 0.127 0.59
LSD 0.11 0.11 0.1 0.05
Fermentation duration
0 1.760.06 1.25%0.07* 1.65%0.06* 1.55%0.06*
24 1.88+0.06 1.65£0.07° 1.9840.06" 1.8310.06°
48 1.93+0.06® 1.7810.07° 2.25%0.06° 1.95£0.06°
72 1.99£0.06° 2.04£0.07 1.98+0.06° 1.84%0.06°
96 1.93+0.06® 1.84£0.07" 2.01£0.06° 1.90£0.06°
120 2.05+0.06" 2.23%0.07¢ 2.13+0.06" 2.00£0.06°

Figures with the same alphabets across each column are not significantly (p<0.05) different from each other, while

figures with different alphabets across each column are significantly (p<0.05) different from each other.
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Table 5: Effect of lightning and fermentation duration on sensory acceptability of eba using the

hedonic scale

Aroma Colour Moldability =~ Texture Mouthfeel OA
Daylight
Light 3.43£0.08 3.68£0.07  3.71%£0.07 3.67£0.07 3.42%0.07 3.84£0.07
Dark 3.58%0.08 3.67£0.07  3.80%0.07 3.65%0.07 3.54%0.07 3.76x0.07
P<0.05 0.17 0.16 0.36 0.87 0.29 0.32
LSD 0.22 0.21 0.2 0.19 0.37 0.19
Fermentation Duration
0 3.48£0.14* 3.59£0.12*  3.39%£0.12* 2.73%0.12° 3.08£0.13 3.45%0.11*
24 3.28%0.14° 3.95£0.12*  3.79£0.12" 3.73£0.12° 3.55£0.13" 3.95%0.11¢
48 3.60£0.14* 3.79£0.12*  3.75%£0.12° 3.90£0.12° 3.63£0.13° 4.11£0.11¢
72 3.50£0.14* 3.61£0.12*  3.86%0.12" 3.90£0.12° 3.73£0.13" 3.83£0.11"
96 3.50£0.14* 3.55+0.12*  3.84£0.12" 3.95+0.12° 3.4310.13*® 3.93%0.11¢
120 3.66x0.14* 3.55£0.12*  3.92£0.12" 3.75£0.12° 3.48%0.13" 3.58+0.11%

Figures with same alphabets across each column are not significantly (p<<0.05) different from each other, Figures with

different alphabets across each column are significantly (p<<0.05) different from each other (OA= Overall acceptability

4.0 Conclusion

In conclusion, carotenoids were synthesized
(carotenogenesis) during the solid-state fermentation
of biofortified cassava roots. The synthesized trans
isomer of beta-carotene was maximally retained for
120 h in the dark environment and 96 h in the light
environment. Gari and eba made from the 120 h
fermented cassava had the most preferred sensory

attributes on the hedonic and just-about-right scales.
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Supplementary Table 1: Correlation of fermentation duration, lightning, colour parameters and

carotenoid variables

FT Light TBC CIS13 CIS9 TRANS Lightness Redness Yellowness
FT 1
Day Light  0.00 1
TBC 0.33 041" 1
CIS13 0.08 0.43" 095" 1
CIS9 0.36 0.38 097" 093" 1
TRANS 0.39 0.40 098" 090" 091" 1
Lightness 0.61" 034 0.01 -0.19 -0.01 0.10 1
Redness 0.47" -0.15  0.28 0.20 0.33 0.27 -0.15 1
Yellowness  -0.05 0.20 -043"  -0.50"  -0.52" -0.33 0.51" -0.40 1
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