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Abstract

BACKGROUND: Potato varieties have diverse biophysical characteristics, so it is important for breeders to have the capacity to
choose those that meet the preferences of end users, such as mealiness, firmness, and taste, among others. Combining user
preferences with descriptive information regarding the sensory characteristics of boiled potatoes can contribute to the
improvement of consumer-driven varieties. This study aimed to factor in the preferences of end users to improve the prospects
for varietal acceptance, adoption, and discrimination among genotypes in potato breeding.

RESULTS: The priority quality traits (traits that play the most significant roles in acceptance and adoption) of the boiled pota-
toes were determined by evaluating gender and livelihood using the G+ tool. The G+ tool is designed to assess gender impact
on roots, tubers and bananas (RTB) traits by serving as a validation check to reflect on important gender-based issues in agri-
cultural food systems in order to reduce harm and promote positive impact. Potato genotypes were differentiated by penetra-
tion (textural parameters as measured by standard texture probe) and the procedure was repeatable, as there was no
significant difference between the cooking replicates at 40 min of cooking. Instrument-based texture parameters, such as pen-
etration peak force (hardness/firmness) and area (area under the curve, which represents energy needed to penetrate) of boiled
potato tubers were significantly associated with sensory attributes such as fracturability and hardness in the mouth. An
attempt to differentiate genotypes using near-infrared spectroscopy (NIRS) revealed that the average results observed for
the calibration for yellow color (r* = 0.70), homogeneity of color (r* = 0.48), moisture in mass (r* = 0.40), and uniformity of tex-
ture (> = 0.56) suggested that these parameters could be used for initial breeding screening purposes.

CONCLUSIONS: The preferred traits of the boiled potato can be integrated into the potato-breeding program/product profile.
Near-infrared spectroscopy shows strong potential to predict potato color and the ability of NIRS models to predict some tex-
ture attributes is also promising.

© 2023 The Authors. Journal of The Science of Food and Agriculture published by John Wiley & Sons Ltd on behalf of Society of
Chemical Industry.
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programs in developing countries, new varieties have not
reached their full potential because of suboptimum attention

INTRODUCTION

Potato (Solanum tuberosum) is an important crop in many regions
of the world and a staple food in many diets. In Africa, it provides

an excellent source of income for smallholder farmers and plays .__________________________________________________________________]

an important role in food security.” The tubers can be boiled,
mashed, baked, fried, roasted, or steamed, and their high starch
content makes them a versatile ingredient for many dishes.
Potato varieties can vary in texture depending on their starch
and sugar composition. As these variations influence the prefer-
ence of consumers for potato genotypes,® it is important for
breeders to consider them and to select the genotypes that meet
the preferences of end users.

Crop breeding has been very successful, especially with regard
to gains in superior agronomic traits. However, in public breeding
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given to traits preferred by consumers. As such, targeted breeding
for end-user preference has been proposed to address this chal-
lenge.>* Furthermore, promoting potato varieties without consid-
ering the needs of disadvantaged social groups, such as women
and youth, who are typically the target beneficiaries of public
breeding programs, may reduce acceptance and adoption rates.
For example, one of the persistent disparities between male and
female farmers is the lower adoption of modern varieties by
households with female heads than by households with male
head.> Women in male-headed households, on the other hand
may have access to modern varieties derived from breeding tech-
nologies but not the ability to utilize them due to gender-based
access to the varieties.®

To screen large populations of potato genotypes for advanced
breeding and consumer acceptance, a medium-throughput pro-
cedure such as instrument-based texture measurement may be
needed to distinguish genotypes based on their textural proper-
ties.” This is especially true because most breeding programs in
sub-Saharan Africa rarely consider the role of texture of potato
food products as a key driver of adoption and consumption of
new varieties. The expensive and time-consuming process of con-
ducting sensory tests to assess genotypes can also be improved
by using simple instrument-based texture assessment procedures
to predict sensory acceptance of potato products such as boiled
potato.

Instrument-based texture profile analysis (TPA) and spectro-
scopic methods have been examined for the prediction of sensory
traits in potatoes, especially in the Global North. Here, significant
correlations have been detected between sensory traits and
instrumental methods - for example instrumental hardness was
negatively correlated with mealiness in cooked potatoes.? In fried
potatoes, positive correlations between instrumental fracture
force and sensory textural attributes such as hardness, crunchi-
ness, and chewiness, were high and significant (r* = 0.76-0.96).°
More important, high-throughput techniques such as near-
infrared spectroscopy (NIRS) are appropriate because of their abil-
ity to phenotype many traits in a short time and at lower cost.
Near-infrared spectroscopy is a nondestructive tool that can
increase rapidly the speed at which quality traits are evaluated.

It has been used to assess a wide range of crop traits, including
sensory traits and phytochemical variability and to predict nutri-
ent levels in the tubers.'®"'? In potatoes, NIRS has predicted sen-
sory texture attributes such as moistness, waxiness, firmness,
and mealiness with correlation coefficients between 0.68 and
0.94."*1* However, in sub-Saharan Africa, the current literature
on cooked potato provides little information regarding the power
of instrument-based texture analysis and NIRS to differentiate
among potato genotypes for consumer acceptability. Among
the key texture attributes for cooked potato, sensory firmness
and mealiness have been found to influence consumer percep-
tion significantly.'>®

The current study aims to explore end user preferences to
improve the prospects of acceptance and adoption of released
potato varieties. It focuses on: (i) understanding gender consider-
ations for customer targeting and trait prioritization in variety
development, and (ii) instrument-based measurement of firmness
of potatoes and assessing how it is correlated with sensorially per-
ceived textural attributes of boiled potato. (iii) The study also
assesses whether NIRS can be used as a high-throughput tool to
predict the sensorially perceived textural attributes.

MATERIALS AND METHODS

Gender analysis using a G+ tool to identify targeted traits
The initial study was carried out in Rakai and Kabale districts in
western Uganda, where potato is an important crop with the
potential to contribute significantly to increasing rural income
and the improvement of food and nutrition security.'” Most pota-
toes are consumed in boiled form, although there is a growing
demand for processed potato products such as French fries.'” In
Uganda, annual potato production is estimated at 246, 393 metric
tonsin 2021 (FAOSTAT 2023, www.fao.org/faostat/en/#data/QCL).
The study considered the triangulation of the most preferred
raw, processed, and final product quality characteristics for boiled
potatoes. It was carried out using a four-stage stepwise process
that included (i) an assessment of the state of knowledge;
(ii) gendered food mapping; (iii) participation process diagnosis;
(iv) consumer testing,"’ and (v) review and finalization of the

Table 1. Potato genotype panel used for the instrument-based and sensory evaluations of the texture of boiled potato

No. Genotype Type Skin color Flesh color Tuber shape
1 CIP312084.731 Breeding line Yellow Yellow Long oval
2 CIP312010.759 Breeding line Yellow Cream Oval round
3 CIP313001.649 Breeding line Red Yellow Long oval
4 CIP313011.028 Breeding line Red Yellow Oval

5 CIP314909.279 Breeding line Red Cream Round oval
6 CIP314909.002 Breeding line Yellow Cream round

7 CIP314909.044 Breeding line Yellow Cream Oval

8 CIP314910.019 Breeding line Yellow Cream Round

9 CIP314915.069 Breeding line Yellow Yellow Round

10 CIP314926.026 Breeding line Red Cream Long oval
1 CIP314938.014 Breeding line Purple Yellow Round oval
12 CIP314909.060 Breeding line Yellow Cream Round

13 Dutch Local variety Red Yellow Round

14 Shangi Local variety Red Yellow Oval

15 Unica Local variety Red Yellow Long oval
16 Wanjiku Local variety Yellow Cream Oval
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gendered product profile.'® The results of steps (i) to (iv) are
reported in Mudege et al.'® To finalize the gendered product pro-
file (step v), four sub-steps were undertaken. These included
(i) preparation of an evidence and summary table; (ii) review of
the evidence and summary table by a ‘multidisciplinary’ design
team; (iii) application of the adapted G +tool, and
(iv) finalization of the gendered product profile for boiled
potato.'® The adapted versions of the gender and livelihood
assessment tool, the G+ Product Profile tool, and the accompany-
ing G+ Product Profile Query tool'® were used at this stage. The
tools allow for a deeper understanding of the potential impact
of profiled characteristics on women and men.

Using the G+ Product Profile tool, the profiled characteristics
were prioritized and analyzed for gender impact with the help
of the ‘Positive benefit' and ‘Do no harm’ scales. Under positive
benefit, the characteristics were scored as 0= neutral
(no significant benefit), +1 = nice to have (moderate benefit),
+2 = required (considerable benefit). For the ‘Do no harm scales’,

(moderate harm), and —2 = reject (considerable harm). The G+
Product Profile tool was applied in two stages within a workshop
setting. First, multidisciplinary participants (comprising breeders,
biochemists, food scientists, and agronomists) analyzed the pro-
filed characteristics individually, based on expert opinion, and
recorded the results on tablets. Then the collated results were dis-
cussed in plenary and a consensus score was obtained. This score
was used to decide on the final priority traits to recommend for
inclusion in the product profile.?’ The evaluation provided a foun-
dation and focus for breeders, biochemists, and food scientists to
understand these characteristics better and holistically.

Instrument-based texture and sensory analysis of boiled
potato

Instrument-based texture evaluation of the boiled potato was per-
formed for 16 genotypes (Table 1) of potato harvested from experi-
mental plots located in Kiambu, Kenya (1900 m altitude). Marketable
tubers with a good visual appearance were sampled, and then, after

0 =neutral (no significant harm), —1=amend or avoid peeling, washing, draining, and steaming between layers of banana
leaves, texture was measured using a texture analyzer (TMS Pilot,
Mecmesin, West Sussex, UK). The steaming was carried out for
20 and 40 min in duplicate, each replicate consisting of six tubers
per genotype. For each root, three points were demarcated 15 mm
apart and measurements were taken at each point on the tuber,

making a total of 9-18 measurements per genotype.

Table 2. Summary of prioritized characteristics after four-stage
triangulation

Raw potato Processing Boiled potato
After calibration of the texture analyzer with a 5 kg load cell,
Red skin and yellow flesh  Easy to peel ~ Moderately firm measurement was carried out when the pieces were at 25 °C
color (neither too soft nor using a 60 ° conical penetration probe in compression mode to
too hard) a depth of 10 mm at 1 mms™' test speed. The results were pre-
Big sized tuber Cooks fast/  Mealy sented in a graphic interphase using Emperor Force software sup-
easy to plied alongside the texture analyzer. The textural parameters that

cook were evaluated were peak force (N), which represents the maxi-

Smooth skin Good taste mum force (hardness/strength) required to penetrate the sample
Firm/hard tuber Good smell to a depth of 10 mm, and the area (N-mm), which is represented
No damage (e.g., cuts, Yellow color by the area under the curve that corresponds to the work done

holes from pest
damage)

Good eyes (few eyes,
shallow eye depth)

to deform the sample by penetration to a depth of 10 mm.

The sensory evaluation of the texture of the boiled potato that was
steamed for 40 min was conducted in duplicate using a standard
procedure.?! Fourteen trained panelists evaluated the following attri-
butes: hardness in hand, moldability in hand, stickiness in hand,

Table 3. Prioritization of characteristics after gender and livelihoods assessment (G+ analysis)
Gender impact scores (G+ tools)

Characteristic category Characteristics Do no harm score Positive benefits Priority
Raw material Red skin color Reject (-2) Nice to have (+1) Not priority

Moderately big tuber size Neutral (0) Required (+2) Essential ‘must have’

Yellow flesh color Neutral (0) Required (+2) Essential ‘must have’

Smooth skin Neutral (0) Required (+2) Essential ‘must have’

No damage (e.g., cuts, holes from pest Reject (—2) Neutral (0) Not priority

damage)

Firm tuber Neutral (0) Required (+2) Essential ‘must have’

Good eyes (few eyes, shallow eye depth) Neutral (0) Required (+2) Essential ‘must have’
Processing Easy to peel Neutral (0) Required (+2) Essential ‘must have’

Cooks fast/easy to cook Neutral (0) Required (+2) Essential ‘must have’
Cooked/ready to eat Moderately firm Neutral (0) Required (+2) Essential ‘must have’

final product Mealy Amend (-1) Nice To Have (+1)  Requires mitigation plan/action
Good taste Neutral (0) Required (+2) Essential ‘must have’
Good smell Neutral (0) Nice To have (+1) Recommended for further work
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moistness in hand, crunchiness in mouth, mealiness in mouth,
smoothness in mouth, uniform texture in mouth, fracturability in
mouth, hardness in mouth, and moistness in mouth. They scored
these traits on a scale of 0-10 according to the product profile and
sensory lexicon developed for Uganda.'® The data were cleaned
according to the methods documented in earlier studies.??

High throughput: the spectral method

A spectral analysis was performed on a total of 30 potato geno-
types harvested from experimental plots located in Kiambu,
Kenya (1900 m altitude), and from the local market in
Kampala, Uganda. Marketable-size tubers with good visual
appearance were sampled. Spectra were collected from cooked,
mashed samples. Calibrations were performed using reference

data collected by a sensory panel as described above. Spectra
were collected with the NIRS XDS (FOSS, Minnesota, USA ) using
ISIscan software (Infrasoft International, State College, PA, USA)
in the wavelength range 400 to 2500 nm at 2 nm intervals.
Three cooked and mashed tubers per genotype were selected
for the spectral collection. Each mashed sample was then
scanned in a cuvette, producing three spectra per genotype.
The spectrum was expressed as log (1/R). Details of sample
preparation and spectra collection are published in a standard
operating procedure.”?

Statistical analyses
Analysis of variance was used to determine significant differences
between means using JMP Pro 15 software (SAS Institute Inc.,,

Table 4. One-way ANOVA of instrument-based texture parameters of potato boiled for 20 and 40 min

ms?
Source of variation DF Peak force (20 min) Area (20 min) Peak force (40 min) Area (40 min)
Genotype 17 24.9%* 19.6%* 4.8%* 5.0%*
Cooking replicate 1 181.6%* 159.9%* 7.9 10.3%*
Root number 2 1.8 0.7 7 48
Root piece 2 1.7 0.01 24 1.3
Mean® 44 3.8 3.0 2.6

2 Mean square.
b Mean based on genotypes.
** Significant at the 5% level.
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Figure 1. Principal component analysis (PCA) of sensory and instrument-based texture of Kenya boiled potato at 40 min cooking. The potato genotypes
were clustered into good (red circle), intermediate (blue circle), and poor quality (green circle).
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poor association with fracturability in the mouth and hardness in
the mouth. Other significant correlations were found between
sensory textures such as hardness in the hand and hardness in
the mouth (r = 0.88), smoothness in the mouth (r = —0.81), mold-
ability in the hand (r = —0.70), fracturability in the mouth, and
hardness in the mouth (r = 0.69) (Table 5). The characterization
of the key sensory texture of the boiled potato may therefore have
been perceived better by mouthfeel rather than hand feel.
Clustering into a three-class hierarchy (Fig. 2) showed that
potato genotypes can be classified into good, intermediate,
and poor texture-quality genotypes for boiled potato, consider-
ing that it was prioritized that a good genotype should be
moderately firm and very fracturable. Alongside good landrace
varieties such as Unica, Wanjiku, and Dutch, the genotypes
CIP314909.002, CIP314910.019, CIP313001.649, CIP312084.731,
and CIP314926.026 were clustered in the same class as good
genotypes with relatively moderate firmness, requiring moder-
ate work done for penetration, and good fracturability in mouth
compared to other varieties. The intermediate genotypes
CIP313011.028, CIP314909.279, and CIP314915.069 had texture
attributes close to those of the good genotypes, while the
poor genotypes CIP312010.759, CIP314909.044, CIP314938.014,

CIP314909.060, and Shangi were soft (they had the least firm-
ness), required the least work done for penetration, and had
the least fracturability in mouth.

Near-infrared spectra and predictions of sensory
attributes

The spectra patterns of cooked mashed potato tubers from the
sites in Kenya and Uganda are depicted in Fig. 3. There are five
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O 0=-mmmmeee K o 7Y R R~
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Figure 4. Principal component analysis (PCA) plot of the near infrared
spectroscopy spectra from cooked-mashed potato tubers sampled from
Kenya and Uganda.

S Table 6. R? standard error of cross validation (SECV) and number of
components of near-infrared spectrum calibrations for the sensory
parameters of potato tubers based on full spectra collected from
cooked-mashed tubers sampled from Kenya and Uganda
No. Sensory parameter s SECV  #components

1 Potato aroma 0.04 0.63 1
2 Green vegetable aroma 0.06 0.57 1
3 Root vegetable aroma 0.04 0.42 1
4 Yellow color 0.70 0.63 3
Figure 2. Three-class hierarchical clustering of potato genotypes into h ”Z,V
good (red), intermediate (blue), and poor quality (green) on the basis of 5 Chalkiness ) 0.18 0.93 1
instrument-measured texture of boiled potato cooked for 40 min. 6 Homogeneity of color 048 053 3
7 Translucency 0.15 0.56 1
8 Potato flavor 0.02 0.71 1
3 9 Cooked carrot flavor 0.04  0.09 2
10  Green vegetable flavor 012 042 3
. 2.5 1 Root vegetable flavor 0.04 0.48 1
E 2 12 Sour taste 028 0.19 3
) 13 Bitter after taste 016  0.72 3
§ 1.5 14 Hardness by hand 0.08 0.63 1
2 15 Moisture release 0.22 0.29 1
g 1 16  Cohesiveness (moldabilit 009 055 1
3 —KENYA ohe ( )
< 05 17 Stickiness 0.14 0.49 2
’ ——UGANDA 18  Fracturability 020 067 2
0 19 Hardness in mouth 0.11 0.52 2
ON T VWO NTWOWOWON T OO 20 Crunchiness 0.06 0.26 1
OMWOWOAONOOOAN LW O AN LW 0 A < 0
T LONOODOAMST NN 00O Hd NM 21 Moisture in mass 040 0.89 2
™ NN
22 Mealiness 0.19 0.82 1
Wavelength
23 Smoothness 0.28 0.71 3
Figure 3. Five random spectra of near infrared spectroscopy reflectance 24 Uniformity of texture 0.56 0.51 3
of cooked-mashed potato samples collected from Kenya and Uganda.
J Sci Food Agric 2024; 104: 4606-4614 © 2023 The Authors. wileyonlinelibrary.com/jsfa

Journal of The Science of Food and Agriculture published by John Wiley & Sons Ltd on behalf of Society of Chemical Industry.

BU Aq peusenob afe sajolle YO @SN JO'S3|N 10} AReuq1 78Ul UO A8]IM UO (SUOTIPUOD-PL-5LLIBY/LLI0O" AB 1M ARe.d [ul [UO//SY) SUORIPUOD pue swie | 8y} 885 *[9202/T0/82] Uo ARiqiTaulluo A8im ‘Aisieniun aeese N Aq Z88zTess//Z00T 0T/10p/woo Ae|m Arelq1jeuljuo s euino (1os//:sdny wiouy papeojumod ‘8 202 ‘0T00.60T



http://wileyonlinelibrary.com/jsfa

®)
SCl

where science
meets business

WWW.50Ci.org

J Nantongo et al.

major peaks. The shape of the spectra from the different countries
did not differ. A PCA (Fig. 4) calculated from the spectra (spectral
range NIR) of the samples shows that 86.4% of the variance is
explained by the two first PCs. The spectra in the potatoes col-
lected from Kenya seemed to separate into two groups, where
one group, clustered with the spectra collected on Ugandan sam-
ples and the other group grouped separately (Fig. 4). These two
clusters may need further investigation in terms of the biochemi-
cal changes that occur during cooking. However, the significance
of the clustering was not tested.

The different parameters that were calibrated are indicated in
Table 6. Near-infrared spectra show some potential to predict
selected sensory parameters such as yellow color (> = 0.70),
homogeneity of color (* = 0.48), moisture in mass (> = 0.40), as
well as uniformity of texture (** = 0.56). However, most of the
other predictions were still poor.

DISCUSSION

There are several important criteria that act as a basis for selection
of potato varieties. The results showed that (i) red potatoes were
not prioritized; (ii) significant differences between genotypes
were observed for textural attributes; and (iii) there was the
potential of NIRS to predict color and selected texture attributes.

The assessed potatoes were yellow or red skinned. Red skin was
deprioritized during the gender analysis. This was consistent with
earlier studies reporting that the red-skinned variety Victoria was
the least liked by consumers of boiled potato in Rakai and
Kabale.'® However, the perception of red-skin potatoes among
consumers has been mixed; for example, most of the potato vari-
eties grown and traded in Uganda have a red skin.'” Red-skinned
potatoes were among the preferred types in the potato growing
areas of Uganda and Kenya.'®?® These contrasting opinions sug-
gest that using skin color alone as a determinant of quality or pref-
erence may be misleading, although it is a key trait in determining
the marketability of potatoes.'® This could be a result of differ-
ences in methodological approaches to the assessment of prefer-
ence. The use of standard operating procedures to guide trial
design, data collection, and data analysis®” is therefore critical
for establishment of cost-effective, reproducible, and comparable
studies. However, skin color is normally used as a proxy for other
characteristics. In Rakai and Kabale, for example, the red-skinned
Victoria variety was associated with an undesirable soft and
watery texture and was consequently the least liked by con-
sumers of boiled potato.'®

Breeding for red skin alone would therefore be restrictive
because there are other good characteristics beyond skin color
that need to be considered. Prioritizing this characteristic would
not add significant benefits, especially for women. Mealiness
was recommended for amendment because of the varying tex-
ture requirements of different end users and target consumers.
For example, a variety with low mealiness would be desired for
mashed potato (usually prepared for children), while the reverse
would be true for chips preferred by the youth.?® More research
is therefore required to identify optimal mealiness for varying
products to target the specific segmented demand. However,
mealy and good smell were considered nice to have characteristics,
thus underscoring their importance.

Traits relating to big tuber size, good texture of the skin, yellow
flesh, ease of preparation, and good taste, consistently appear as
essential traits in different regions,'®%° and these could be
considered as target breeding traits. Some of the requirements

regarding the appearance of the tubers (optimal weight within
100-150 g, shallow eyes, and round or oval shape) are connected
with a low percentage of the waste due to preprocessing, as well
as processing efficiency,*® and they would thus be important for
women, who are mainly responsible for food preparation and
cooking. Such traits could contribute to reducing drudgery
and thus to a reduction of time poverty, which many women
experience.®' Overall, it is indicated that traits related to market-
ability, such as skin color, will appeal to both men and women.
On the other hand, traits related to processing efficiency (easy
to peel) and eating quality such as big size and mealiness will be
more important to women given their productive and caregiving
roles.'®

Considering only Kenyan samples, the texture of potatoes
steamed for 20 min was significantly harder (represented by peak
force) and more work (represented by the area under the curve)
was required to penetrate these potatoes than potatoes steamed
for 40 min. Texture and volatiles changes are expected to occur
during cooking treatments from processes such as gelatinization
and lipid degradation.3>3® Although the optimal time for cooking
different potato genotypes has not yet been achieved, several
methods have been described for measuring the 'cookedness’
of potatoes, which correlates well with softening. For this study,
it seems that, after 20 min, some genotypes remain unsatisfacto-
rily cooked for panel evaluation, which potentially introduces
preference bias.

Therefore, it may be preferable to assess genotypes based on
the discrimination and repeatability of the texture of the boiled
potato at more than 20 min of cooking. Studies that have
attempted to optimize time for steaming potatoes recommend
an intermediate cooking time of 21-24 min®* or 30 min*? prior
to instrument-based and sensory tests, where discrimination
among genotypes and repeatability between replicates could
potentially be better guaranteed. At 40 min, discrimination
between genotypes was not possible, suggesting that at this time
the potatoes were overcooked. Cooking beyond optimal
time changes the microstructure and composition inside the
potatoes.>* Even then, the cooking time depends on many factors
including size of the tubers and the temperature used in cooking,
for example, potatoes cooked at 100 °C can be overcooked at 15—
20 min*?

In further reports, textural protocols were used to distin-
guish potato and sweet potato genotypes and to find significant
correlations with sensory texture. Additional studies could assess
the potential to characterize key sensory texture of boiled potato
by mouthfeel rather than hand feel. Substantial investment in
methodology development and capacity is needed to bring
greater coherence and enable cumulative learning about user
perspectives to increase the fit iteratively between improved
genotypes and user preferences.*® Future studies should consider
evaluating sensory and texture profiles for different cooking
methods since preparation can differentially affect the profiles
of the genotypes.*°

The texture traits are normally assessed in the later stages of a
breeding program after selection for more easily quantifiable
traits, due to the cost of most conventional methods. Several non-
destructive methods such as NIRS are available to enable selec-
tion during the early stages of breeding and these have also
been described for characterizing different traits of potatoes as
well as other crops, such as sweet potato.”>>* In the current study,
while NIRS shows the potential to predict color, most predictions
still need improvement. One of the most important criteria for
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developing a robust NIRS calibration is that the natural variation
of the parameter values of interest must be accounted for within
the sample populations of the calibration and validation
datasets.*' It is therefore possible that the range of variation was
less than optimal for a NIRS analysis of the parameters studied.
Samples from Kenya were considered to be a source of variance,
based on the existence of genotype by environmental
interactions in sensory traits of potatoes,*>** to increase the pre-
dictability. Future studies will consider sampling at different sea-
sons and sites within the country to enhance the variation
further. Previous studies with potatoes have, for example, indi-
cated the possibility of using NIRS to predict other desirable sen-
sory parameters such as moistness, waxiness, firmness, and
mealiness,’®'* which could be the focus of future model improve-
ment efforts for potato breeding in Uganda. However, it could
also be that some sensory traits are simply poorly modeled using
NIRS. Poor model calibrations for some sensory traits have, for
example, been observed in cooked-mashed sweet potatoes even
with relatively large sample sizes.** The use of a standard operat-
ing procedure on sample handling and spectra collection®® is also
important for the production of repeatable results.

A classification of sensory parameters based on spectral finger-
prints should be tested, especially because the PCA clustering
based on NIRS is consistent with that based on sensory data.
Indeed, by defining thresholds, or classes, by criterion, it will be
interesting to investigate the possibility of classifying the geno-
types in order to carry out a rapid selection. Earlier studies, for
example, were able to differentiate genotypes based on dry mat-
ter content.’® For this, methods such as partial least square dis-
criminant analysis (PLSDA), support vector machine (SVM), or
soft independent modelling class analogy (SIMCA) can be applied
to spectral and sensory data sets. Freeze drying of the samples
may improve the precision of some predictions, since water may
cause nonlinear responses due to the strong absorption signals
in the NIR spectra.*® Calibrations could also be enhanced using
several data pre-processing approaches.*®

ACKNOWLEDGEMENTS

The authors are grateful to the following organization for financial
support: USAID Feed the Future Crops to End Hunger (award
numbers DIS-B-AID-BFS-I0-17-00005 and ID: OPP1178942);
RTBfoods; the French Agricultural Research Center for Interna-
tional Development (CIRAD), Montpellier, France, and the Bill &
Melinda Gates Foundation (BMGF). The views expressed in this
article do not necessarily reflect those of BMGF and CIP (Interna-
tional Potato Center). The team would also like to acknowledge
the National Agricultural Research Organization (NARO),
Uganda, for its contribution to the study by providing potato
tubers and facilities. The editorial comments by Hernan Ceballos
and Dominique Dufour, as well as the proofreading of the manu-
scripts by Clair Hershey greatly improved the quality of this man-
uscript. The valuable suggestions and corrections of the reviewers
also contributed significantly to the quality of this article.

AUTHOR CONTRIBUTIONS

Conceptualization: Judith Nantongo, Thiago Mendes,
Oluwatoyin Ayetigbo. Data curation: Oluwatoyin Ayetigbo,
Mariam Nakitto. Formal analysis: Judith Nantongo, Samuel
Edgar Tinyiro, Mariam Nakitto and Oluwatoyin Ayetigbo. Acqui-
sition of funding: Thiago Mendes. Investigation: Judith

Nantongo, Mariam Nakitto, Samuel Edgar Tinyiro, and Sarah
Mayanja. Methodology: Mukani Moyo, Mariam Nakitto, Reuben
Ssali, Judith Nantongo. Project administration: Reuben Ssali,
Thiago Mendes. Writing - original draft: Sarah Mayanja, Samuel
Edgar Tinyiro, Oluwatoyin Ayetigbo, Mariam Nakitto, Judith Nan-
tongo, Thiago Mendes. Writing — review and editing: Judith Nan-
tongo, Samuel Edgar Tinyiro, Sarah Mayanja, Mariam Nakitto,
Prossy Namugga, and Thiago Mendes.

CONFLICT OF INTEREST STATEMENT

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to
influence the work reported in this paper.

EDITORIAL POLICIES AND ETHICAL
CONSIDERATIONS

Research described in this manuscript (from laboratory through
consumer preferences interviews and surveys) has been previ-
ously and formally approved by the competent authority(es) in
Uganda. Written informed consent was obtained for all study par-
ticipants and is available.

DATA AVAILABILITY STATEMENT

The data that support the findings of this study are available from
the corresponding author upon reasonable request.

REFERENCES

1 Devaux A, Goffart J-P, Kromann P, Andrade-Piedra J, Polar V and
Hareau G, The potato of the future: opportunities and challenges
in sustainable agri-food systems. Potato Res 64:681-720 (2021).
https://doi.org/10.1007/s11540-021-09523-y
2 Zaheer K and Akhtar MH, Potato production, usage, and nutrition—a
review. Crit Rev Food Sci Nutr 56:711-721 (2016). https://doi.org/10.
1080/10408398.2012.724479
3 Haan S, Salas E, Fonseca C, Gastelo M, Amaya N, Bastos C et al., Partic-
ipatory varietal selection of potato using the mother & baby trial
design: a gender-responsive trainer's guide. International Potato
Center (2019). Report No.: 9290605383. https://doi.org/10.4160/
9789290605386
Thiele G, Dufour D, Vernier P, Mwanga RO, Parker ML, Schulte
Geldermann E et al., A review of varietal change in roots, tubers
and bananas: consumer preferences and other drivers of adoption
and implications for breeding. Int J Food Sci Technol 56:1076-1092
(2021). https://doi.org/10.1111/ijfs.14684
5 PolarV, Teeken B, Mwende J, Marimo P, Tufan HA, Ashby JA et al., Build-
ing Demand-Led and Gender-Responsive Breeding Programs. Root,
Tuber and Banana Food System Innovations: Value Creation for Inclu-
sive Outcomes. Springer International Publishing Cham,Switzerland
pp.483-509 (2022). https://doi.org/10.1007/978-3-030-92022-7_16
6 Ragasa C, Aberman N-L and Mingote CA, Does providing agricultural
and nutrition information to both men and women improve house-
hold food security? Evidence from Malawi. Glob Food Sec 20:45-59
(2019). https://doi.org/10.1016/j.9fs.2018.12.007
Thybo AK, Bechmann I, Martens M and Engelsen S, Prediction of sen-
sory texture of cooked potatoes using uniaxial compression, near
infrared spectroscopy and low field1H NMR spectroscopy. LWT Food
Sci Technol 33:103-111 (2000). https://doi.org/10.1006/fstl.1999.
0623
Bough RA, Holm DG and Jayanty SS, Evaluation of cooked flavor for fif-
teen potato genotypes and the correlation of sensory analysis to
instrumental methods. Am J Potato Res 97:63-77 (2020). https://
doi.org/10.1007/5s12230-019-09757-0
9 Segnini S, Dejmek P and Oste R, Relationship between instrumental
and sensory analysis of texture and color of potato chips. J Texture
Stud 30:677-690 (1999). https://doi.org/10.1111/j.1745-4603.1999.
tb00237.x

IS

~

(e}

J Sci Food Agric 2024; 104: 4606-4614

© 2023 The Authors.

wileyonlinelibrary.com/jsfa

Journal of The Science of Food and Agriculture published by John Wiley & Sons Ltd on behalf of Society of Chemical Industry.

BU Aq peusenob afe sajolle YO @SN JO'S3|N 10} AReuq1 78Ul UO A8]IM UO (SUOTIPUOD-PL-5LLIBY/LLI0O" AB 1M ARe.d [ul [UO//SY) SUORIPUOD pue swie | 8y} 885 *[9202/T0/82] Uo ARiqiTaulluo A8im ‘Aisieniun aeese N Aq Z88zTess//Z00T 0T/10p/woo Ae|m Arelq1jeuljuo s euino (1os//:sdny wiouy papeojumod ‘8 202 ‘0T00.60T



https://doi.org/10.1007/s11540-021-09523-y
https://doi.org/10.1080/10408398.2012.724479
https://doi.org/10.1080/10408398.2012.724479
https://doi.org/10.4160/9789290605386
https://doi.org/10.4160/9789290605386
https://doi.org/10.1111/ijfs.14684
https://doi.org/10.1007/978-3-030-92022-7_16
https://doi.org/10.1016/j.gfs.2018.12.007
https://doi.org/10.1006/fstl.1999.0623
https://doi.org/10.1006/fstl.1999.0623
https://doi.org/10.1007/s12230-019-09757-0
https://doi.org/10.1007/s12230-019-09757-0
https://doi.org/10.1111/j.1745-4603.1999.tb00237.x
https://doi.org/10.1111/j.1745-4603.1999.tb00237.x
http://wileyonlinelibrary.com/jsfa

®)
SCl

where science
meets business

WWW.50Ci.org

J Nantongo et al.

10

14

20

21

22

23

24

25

26

Nantongo JS, Potts B, Rodemann T, Fitzgerald H, Davies N and O'Reilly-
Wapstra J, Developing near infrared spectroscopy models for pre-
dicting chemistry and responses to stress in Pinus radiata (D. Don).
J Near Infrared Spectrosc 29:245-256 (2021). https://doi.org/10.
1177/09670335211006526

dos Santos Scholz MB, Kitzberger CSG, Pereira LFP, Davrieux F, Pot D,
Charmetant P et al., Application of near infrared spectroscopy for
green coffee biochemical phenotyping. J Near Infrared Spectrosc
22:411-421 (2014). https://doi.org/10.1255/jnirs.1134

Sun D, Cruz J, Alcala M, del Castillo RR, Sans S and Casals J, Near infrared
spectroscopy determination of chemical and sensory properties in
tomato. J Near Infrared Spectrosc 29:289-300 (2021). https://doi.
org/10.1364/JNIRS.29.000289

Boeriu CG, Yuksel D, van der Vuurst de Vries R, Stolle-Smits T and van
Dijk C, Correlation between near infrared spectra and texture profil-
ing of steam cooked potatoes. J Near Infrared Spectrosc 6:A291-A297
(1998). https://doi.org/10.1255/jnirs.210

Van Dijk C, Fischer M, Holm J, Beekhuizen J-G, Stolle-Smits T and
Boeriu C, Texture of cooked potatoes (Solanum tuberosum). 1. Rela-
tionships between dry matter content, sensory-perceived texture,
and near-infrared spectroscopy. J Agric Food Chem 50:5082-5088
(2002). https://doi.org/10.1021/jf011509w

Dufour D, Hershey C, Hamaker BR and Lorenzen J, Integrating End-User
Preferences into Breeding Programmes for Roots, Tubers and Bananas.
Wiley Online Library,New Jersey, USAVol 56 pp.1071-1075 (2021).
https://doi.org/10.1111/ijfs.14911

Mudege NN, Mayanja S, Nyaga J, Nakitto M, Tinyiro SE, Magala DB
et al., Prioritising quality traits for gender-responsive breeding for
boiled potato in Uganda. Int J Food Sci Technol 56:1362-1375
(2021). https://doi.org/10.1111/ijfs.14840

Kajunju N, Atukwase A, Tumuhimbise G and Mugisha J, Potato proces-
sing in Uganda: a technical review. Makerere Univ J Agric Environ Sci
10:60-81 (2021). https://mujaes.mak.ac.ug/wp-content/uploads/
2021/07/4Kajunju.pdf

Forsythe L, Marimo P, Ngoh Newilah G, Bouniol A, Teeken B,
Olaosebikan O et al., RTBfoods step 5: finalization of the food prod-
uct profile. Understanding the drivers of trait preferences and the
development of multi-user RTB product profiles, WP1 (2021).
https://agritrop.cirad.fr/602366/1/RTBfoods_Guidance_Step%205-
Food%20product%20profile%20finalisation.pdf

Ashby JA and Polar V, User Guide to the Standard Operating Procedure
for G+ Tools (G+ SoP) (2021). https://doi.org/10.4160/978929060
5966

Forsythe L, Marimo P, Awoniyi O, Ngoh N, Gérard V, Cedric K et al., WP1
G+ RTBfoods product profile assessment. Understanding the Drivers
of Trait Preferences and the Development of Multi-User RTB Product
Profiles. CIRAD, Chattam Maritime, UK (2023). https://doi.org/10.
5281/zenodo.7565647

Goddard J, Harris KP, Kelly A, Cullen A, Reynolds T and Anderson L,
Root, Tuber, and Banana Textural Traits: A Review of the Available
Food Science and Consumer Preferences Literature. Literature
Review. Evans School of Public Affairs: University of Washington
(2015). Contract No.: 295. https://epar.evans.uw.edu/sites/default/
files/EPAR_REQUEST_295_RTB_Literature_Review_2-22-15FINAL_O.
pdf

Bugaud C, Maraval | and Forestier-Chiron N, RTBfoods Manual-Part 2-
Tutorial. Monitoring Panel Performance and Cleaning Data from
Descriptive Sensory Panels for Statistical Analysis. Technical and
Research Document. CIRAD, FRA C-P-UQ, Montpellier (2021).
https://doi.org/10.18167/agritrop/00582,  https://agritrop.cirad.fr/
600939/1/RTBfoods_F.2.4_Tutorial%20for%20Performance%?20
Monitoring%20%20Sensory%20Data%20Cleaning%20Before%
20Statistical%20Analysis_2021.pdf

Nantongo SJ, Serunkuma E, Burgos G, Devrieux Fabrice KM and
Reuben S, SOP for near infrared spectroscopy (NIRS) acquisition on
sweetpotato roots and potato tubers WP3 (2022).

R Core Team R, R: A language and environment for statistical comput-
ing (2013).

Geladi P and Kowalski BR, Partial least-squares regression: a tutorial.
Anal Chim Acta 185:1-17 (1986). https://doi.org/10.1016/0003-
2670(86)80028-9

Muthoni J, Shimelis H and Melis R, Potato production in Kenya: farming
systems and production constraints. J Agric Sci 5:182 (2013). https://
doi.org/10.5539/jas.v5n5p182

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

a4

45

46

Ngoh Newilah G, Teeken B, Bouniol A and Bugaud C, A Participatory
Methodology to Evaluate Processing Ability and Food Product Quality
to Increase Acceptability of New Root, Tuber & Banana Genotypes Gen-
der Equitable Positioning, Promotion and Performance Njombé,
Cameroon: CIRAD (2022). https://doi.org/10.18167/agritrop/00584

Kisakye S, Tinyiro E, Mayanja S and Naziri D, Current Status of Knowl-
edge about End-User Preferences for Boiled Potato in Uganda-A
Food Science, Gender and Demand Perspective CGIAR Research
Program on Roots, Tubers and Bananas (RTB), International Potato
Center (CIP) (2020). https://doi.org/10.4160/9789290605546

Jemison JJM, Sexton P and Camire ME, Factors influencing consumer
preference of fresh potato varieties in Maine. Am J Potato Res 85:
140-149 (2008). https://doi.org/10.1007/512230-008-9017-3

Nacheva E and Pevicharova G, Potato breeding lines for processing.
Genet Breed 37:3-4 (2008).

Jagoe K, Rossanese M, Charron D, Rouse J, Waweru F, Waruguru M
et al., Sharing the burden: shifts in family time use, agency and gen-
der dynamics after introduction of new cookstoves in rural Kenya.
Energy Res Soc Sci 64:101413 (2020). https://doi.org/10.1016/j.erss.
2019.101413

Verlinden BE, Nicolai BM and De Baerdemaeker J, The starch gelatiniza-
tion in potatoes during cooking in relation to the modelling of tex-
ture kinetics. J Food Eng 24:165-179 (1995). https://doi.org/10.
1016/0260-8774(94)P2641-H

Taylor MA, McDougall GJ and Stewart D, Potato flavour and texture.
Potato Biol Biotechnol:525-540 (2007). https://doi.org/10.1016/
B978-044451018-1/50066-X

Do Trong NN, Tsuta M, Nicolai B, De Baerdemaeker J and Saeys W, Pre-
diction of optimal cooking time for boiled potatoes by hyperspectral
imaging. J Food Eng 105:617-624 (2011). https://doi.org/10.1016/j.
jfoodeng.2011.03.031

Blahovec J, Kuroki S and Sakurai N, Cooking kinetics of potato tubers
determined by vibration techniques. Food Res Int 40:576-584
(2007). https://doi.org/10.1016/j.foodres.2006.10.019

Thybo AK and Martens M, Instrumental and sensory characterization of
cooked potato texture. J Texture Stud 30:259-278 (1999). https://doi.
org/10.1111/j.1745-4603.1999.tb00216.x

Bordoloi A, Kaur L and Singh J, Parenchyma cell microstructure and tex-
tural characteristics of raw and cooked potatoes. Food Chem 133:
1092-1100 (2012). https://doi.org/10.1016/j.foodchem.2011.11.044

Banda L, Moyo M, Nakitto M, Swanckaert J, Onyango A, Magiri E et al.,
Application of wedge fracture test for texture analysis in boiled
sweetpotato ([pomoea batatas). Afr J Food Sci 15:145-151 (2021).
https://doi.org/10.5897/AJFS2020.2054

Valle JF, Arnaud E, Marimo P and van Etten J, Enabling cumulative
learning in user-oriented research for root, tuber and banana crop
breeding. Exp Agric 58:e58 (2022). https://doi.org/10.1017/
S0014479722000539

Kreutzmann S, Bassompierre M, Thybo AK, Buch L and Engelsen SB,
Exploratory study of potato cultivar differences in sensory and hedo-
nistic applicability tests. Potato Res 54:13-28 (2011). https://doi.org/
10.1007/511540-010-9168-8

Agelet LE and Hurburgh CR Jr, A tutorial on near infrared spectroscopy
and its calibration. Crit Rev Anal Chemist 40:246-260 (2010). https://
doi.org/10.1080/10408347.2010.515468

Pevicharova G and Nacheva E, Sensory analysis of boiled potatoes grown
at two altitudes IV Balkan Symposium on Vegetables and Potatoes
830 (2008). https://doi.org/10.17660/ActaHortic.2009.830.56

Jansky SH, Genotypic and environmental contributions to baked
potato flavor. Am J Potato Res 85:455-465 (2008). https://doi.org/
10.1007/512230-008-9053-z

Nantongo JS, Serunkuma E, Burgos G, Davrieux F, Meghar K and Ssali R,
NIRS Analyses of Sensory and Textural Traits in Sweetpotato Based on
Spectra Collected on Cooked Mashed Roots. CIRAD, Kampala, Uganda
(2022). https://doi.org/10.18167/agritrop/00727

Parrini S, Acciaioli A, Franci O, Pugliese C and Bozzi R, Near infrared
spectroscopy technology for prediction of chemical composition
of natural fresh pastures. J Appl Anim Res 47:514-520 (2019).
https://doi.org/10.1080/09712119.2019.1675669

Schoot M, Kapper C, van Kollenburg GH, Postma GJ, van Kessel G,
Buydens LMC et al., Investigating the need for preprocessing of
near-infrared spectroscopic data as a function of sample size.
Chemom Intel Lab Syst 204:104105 (2020). https://doi.org/10.1016/
j.chemolab.2020.104105

wileyonlinelibrary.com/jsfa

© 2023 The Authors.

J Sci Food Agric 2024; 104: 4606-4614

Journal of The Science of Food and Agriculture published by John Wiley & Sons Ltd on behalf of Society of Chemical Industry.

85U80]7 SUOWILIOD BAIIERD 8|qedl|dde auyy Aq peusenob ae sspe YO ‘8sn Jo se|ni 1oy Ariqi]8UlUO 3|1 UO (SUORIPUOD-PUB-SWBIWI0D A8 |IMAeIq 1 BUl UO//:SANY) SUORIPUOD Pue SLUB | 38U 88S *[9202/T0/8Z] Uo AriqiTauluo A1 ‘AseAuN 8RN Aq Z88ZT eJSI/200T 0T/I0p/wW0o A8 |ImAleIq Ul U0'S U0 [105//:5dny Wouy pepeojumod ‘8 ‘v20Z ‘0T00L60T


https://doi.org/10.1177/09670335211006526
https://doi.org/10.1177/09670335211006526
https://doi.org/10.1255/jnirs.1134
https://doi.org/10.1364/JNIRS.29.000289
https://doi.org/10.1364/JNIRS.29.000289
https://doi.org/10.1255/jnirs.210
https://doi.org/10.1021/jf011509w
https://doi.org/10.1111/ijfs.14911
https://doi.org/10.1111/ijfs.14840
https://mujaes.mak.ac.ug/wp-content/uploads/2021/07/4Kajunju.pdf
https://mujaes.mak.ac.ug/wp-content/uploads/2021/07/4Kajunju.pdf
https://agritrop.cirad.fr/602366/1/RTBfoods_Guidance_Step%205-Food%20product%20profile%20finalisation.pdf
https://agritrop.cirad.fr/602366/1/RTBfoods_Guidance_Step%205-Food%20product%20profile%20finalisation.pdf
https://doi.org/10.4160/9789290605966
https://doi.org/10.4160/9789290605966
https://doi.org/10.5281/zenodo.7565647
https://doi.org/10.5281/zenodo.7565647
https://epar.evans.uw.edu/sites/default/files/EPAR_REQUEST_295_RTB_Literature_Review_2-22-15FINAL_0.pdf
https://epar.evans.uw.edu/sites/default/files/EPAR_REQUEST_295_RTB_Literature_Review_2-22-15FINAL_0.pdf
https://epar.evans.uw.edu/sites/default/files/EPAR_REQUEST_295_RTB_Literature_Review_2-22-15FINAL_0.pdf
https://doi.org/10.18167/agritrop/00582
https://agritrop.cirad.fr/600939/1/RTBfoods_F.2.4_Tutorial%20for%20Performance%20Monitoring%20%20Sensory%20Data%20Cleaning%20Before%20Statistical%20Analysis_2021.pdf
https://agritrop.cirad.fr/600939/1/RTBfoods_F.2.4_Tutorial%20for%20Performance%20Monitoring%20%20Sensory%20Data%20Cleaning%20Before%20Statistical%20Analysis_2021.pdf
https://agritrop.cirad.fr/600939/1/RTBfoods_F.2.4_Tutorial%20for%20Performance%20Monitoring%20%20Sensory%20Data%20Cleaning%20Before%20Statistical%20Analysis_2021.pdf
https://agritrop.cirad.fr/600939/1/RTBfoods_F.2.4_Tutorial%20for%20Performance%20Monitoring%20%20Sensory%20Data%20Cleaning%20Before%20Statistical%20Analysis_2021.pdf
https://doi.org/10.1016/0003-2670(86)80028-9
https://doi.org/10.1016/0003-2670(86)80028-9
https://doi.org/10.5539/jas.v5n5p182
https://doi.org/10.5539/jas.v5n5p182
https://doi.org/10.18167/agritrop/00584
https://doi.org/10.4160/9789290605546
https://doi.org/10.1007/s12230-008-9017-3
https://doi.org/10.1016/j.erss.2019.101413
https://doi.org/10.1016/j.erss.2019.101413
https://doi.org/10.1016/0260-8774(94)P2641-H
https://doi.org/10.1016/0260-8774(94)P2641-H
https://doi.org/10.1016/B978-044451018-1/50066-X
https://doi.org/10.1016/B978-044451018-1/50066-X
https://doi.org/10.1016/j.jfoodeng.2011.03.031
https://doi.org/10.1016/j.jfoodeng.2011.03.031
https://doi.org/10.1016/j.foodres.2006.10.019
https://doi.org/10.1111/j.1745-4603.1999.tb00216.x
https://doi.org/10.1111/j.1745-4603.1999.tb00216.x
https://doi.org/10.1016/j.foodchem.2011.11.044
https://doi.org/10.5897/AJFS2020.2054
https://doi.org/10.1017/S0014479722000539
https://doi.org/10.1017/S0014479722000539
https://doi.org/10.1007/s11540-010-9168-8
https://doi.org/10.1007/s11540-010-9168-8
https://doi.org/10.1080/10408347.2010.515468
https://doi.org/10.1080/10408347.2010.515468
https://doi.org/10.17660/ActaHortic.2009.830.56
https://doi.org/10.1007/s12230-008-9053-z
https://doi.org/10.1007/s12230-008-9053-z
https://doi.org/10.18167/agritrop/00727
https://doi.org/10.1080/09712119.2019.1675669
https://doi.org/10.1016/j.chemolab.2020.104105
https://doi.org/10.1016/j.chemolab.2020.104105
http://wileyonlinelibrary.com/jsfa

	End-user preferences to enhance prospects for varietal acceptance and adoption in potato breeding in Uganda
	INTRODUCTION
	MATERIALS AND METHODS
	Gender analysis using a G+ tool to identify targeted traits
	Instrument-based texture and sensory analysis of boiled potato
	High throughput: the spectral method
	Statistical analyses

	RESULTS
	Properties of boiled potato
	Near-infrared spectra and predictions of sensory attributes

	DISCUSSION
	ACKNOWLEDGEMENTS
	AUTHOR CONTRIBUTIONS
	CONFLICT OF INTEREST STATEMENT
	EDITORIAL POLICIES AND ETHICAL CONSIDERATIONS
	DATA AVAILABILITY STATEMENT

	REFERENCES


