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Abstract

Inadequate child nutrition during the first ‘1000 days’ is widespread in Cambodia,

resulting in a high prevalence of child malnutrition. Access to processed complemen-

tary food in packages (PCFP) may support caretakers in improving diet of young

children. This study aimed to evaluate the caretakers' preferences and willingness-

to-pay (WTP) for PCFP in Cambodia. The study was conducted in urban and rural

settings, involving 520 caretakers with children aged 7–24 months in Phnom Penh

(urban) and Prey Veng (rural). Four PCFPs were included: a commercial brand, a

social-commercial brand, a worldwide distributed fortified complementary food aid

product (CSB++) and an experimental fortified rice-and-fish-based PCFP developed

in Cambodia (WF-L). Sensory analysis was conducted for all products, stated WTP

was assessed for three products (excluding CSB++) and actual WTP experiment was

conducted on WF-L only. Our results show that overall, WF-L was preferred by the

rural participants over food aid CSB++. Further improvements in the organoleptic

qualities of WF-L should focus on consistency and taste. The participants were, on

average, willing to pay 1,667 Cambodian riel (KHR, $0.4) and 1,192 KHR ($0.3) in

urban and rural settings, respectively, for 35 g of WF-L. We also found that despite

being nutritionally inadequate, most participants considered homemade porridge to

be healthier, more practical and preferred by the children. Therefore improving the

quality of homemade foods merits urgent consideration. When applying PCFP in

nutrition programmes as a supplementary option to homemade complementary

foods, locally produced products could be a more viable supplementary option than

global food aid.
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1 | INTRODUCTION

Despite its economic progress, Cambodia is among the poorest coun-

tries in the world and the prevalence of undernutrition remains high.

In 2014, 32% of children under 5 years were stunted and 10% were

wasted (CDHS, 2015). Complementary feeding during the vulnerable

period of transition from breastmilk to solid food is a concern as more

than 70% of the children do not meet the recommendations for a

minimum acceptable diet; thus, inadequate nutrition is widespread

(Som et al., 2018).

The promotion of dietary diversity and improved complementary

feeding is recognized as a key strategy to improve infant and child

nutrition (Bhutta et al., 2013). The consumption of homemade

complementary food exposes children to a broader range of different

flavours and textures, which affects the development of dietary diver-

sity, nutrient intake and quality, and infant growth (Mok et al., 2017).

In Cambodia, the traditional complementary food is a watery rice por-

ridge (borbor), either served plain or with some addition of vegetables,

meat or fish. However, the nutrient composition and density of borbor

is insufficient to meet the energy and nutrient requirements of infants

and young children (Skau et al., 2014). Additionally, in vulnerable

populations, caretakers often lack resources such as money, time and

access to the nutrient-dense ingredients needed to prepare sufficient

daily servings of nutritionally appropriate homemade complementary

foods (Bruyeron, Denizeau, Berger, & Trèche, 2010).

Processed complementary food in packages (PCFP) is a supple-

mentary option instead of the preparation of nutritionally optimal

complementary foods at home. PCFPs are widely available as

‘babyfoods’ in high-income countries and they are increasingly enter-

ing the markets in low- and middle-income countries. PCFP is conve-

nient by being practical, time saving and able to provide nutritionally

balanced diets for infants and young children. In Cambodia, several

brands of PCFP are available in supermarkets. Corn soy blend (CSB)

products have been included in food baskets by the World Food

Programme (WFP) all over the world for decades (WFP, 2012). Nutri-

tionally improved versions of CSB (CSB+ and CSB++) were introduced

by the WFP in Cambodia in 2008–2010 as part of a programme for

improving maternal and child health (Skau et al., 2015).

The WinFood project in Cambodia aimed to develop a nutritious

complementary food product based on locally sourced ingredients as

a supplementary option to homemade complementary foods. The

WinFood products were developed for experimental purposes and

were semi-instant complementary food based on rice (similar to the

traditional borbor) nutritionally enriched with dried, powdered small

freshwater fish available from the highly productive aquatic environ-

ment of the Mekong River. A randomized intervention study that

assessed the efficacy of WinFood formulas in comparison with CSB

products showed that the WinFood-L (WF-L) version supported

growth in a similar manner to CSB++ (Skau et al., 2015); thus, it was

likely to have a positive impact on the omega-3 fatty acid status of

nonbreastfed children (Nurhasan et al., 2018).

Food aid products were developed primarily for nutritional quality

relative to cost and were not adjusted for cultural preferences

(Dijkhuizen, 2000). Locally developed and produced complementary

food products that are nutritious, culturally accepted and affordable

are potentially a more sustainable option than a temporary distribu-

tion of imported food aid products (Humphrey & Robinson, 2015;

Rahaman & Khan, 2017). Furthermore, partnership with the private

sector could potentially support a sustainable distribution channel of

nutritious complementary food products in order to reach vulnerable

communities not reached by public health interventions

(Lybbert, 2011; Segrè et al., 2015).

When integrated within the product development process, sen-

sory and consumer testing can potentially reduce the risk of product

failure (Kemp, Hollowood, & Hort, 2011). This study aimed to evaluate

the Cambodian caretakers' preferences and actual willingness-to-pay

(WTP) for the locally produced fortified rice-and-fish-based PCFP

product, WF-L, in comparison with a common commercial PCFP, a

common social-commercial or hybrid PCFP, and the worldwide dis-

tributed food aid product, CSB++.

2 | MATERIAL AND METHODS

2.1 | Rationale for the method selection

Sensory evaluation is a scientific method used to evoke, measure, ana-

lyse and interpret the responses to products as perceived through the

senses of sight, smell, touch, taste and hearing in a manner that is

designed to minimize the potentially biasing effects of brand identity

and other influences (Lawless & Heymann, 2010). The importance of

sensory food science is based on the relevance of consumer percep-

tions to the acceptance and commercial success of foods and on the

significance of food for human well-being and health (Tuorila &

Key messages

• When applying PCFP in nutrition programmes, locally

produced PCFP could be a more viable option than global

food aid.

• WF-L, a locally developed fortified rice-and-fish-based

processed complementary food in packages (PCFP), was

preferred by the rural participants over CSB++, a widely

distributed PCFP aid.

• The participants were willing to pay for WF-L, and

improving the consistency and taste will be the major

factors in overall liking of WF-L.

• Despite being nutritionally inadequate, homemade com-

plementary food was considered to be healthier, more

practical and preferred by children over PCFPs.

• Thus, the improvement of homemade complementary

foods should be the main strategy in complementary

feeding programmes, and PCFP as supplementary option.
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Monteleone, 2009). The current practice in sensory science was

formed over the last 50 years (Martens, 1999), and it will continue to

be the ultimate method for evaluating product quality (Schiano,

Harwood, & Drake, 2017).

The combination of sensory and WTP evaluations contributes to

understanding the value of novel food products in a commercial con-

text related to food choice (Combris, Bazoche, Giraud-Héraud, &

Issanchou, 2009) and understanding whether sensory properties of

the foods are significant in relation to the consumer's willingness to

purchase and pay for the product (Aoki, Akai, Ujiie, Shimmura, &

Nishino, 2019; Williamson, Lockshin, Francis, & Loose, 2016).

2.2 | Sites and subjects

Four urban communities in the Teuk Thla commune, Phnom Penh

province, and 15 rural villages in the Smaong Khang Cheung and

Kronyu communes, Prey Veng province, were selected to represent

urban and rural settings in Cambodia. The urban and rural settings

were selected to compare different food environments such as access

to food and food markets, both of which potentially influence food

choice (Dean & Sharkey, 2011). The fieldwork was conducted

between July 2012 and February 2013.

‘Caretaker’ refers to any adult person caring for a child, either

the mother or others. All caretakers in the selected sites with a child

aged 7–24 months who reported that the child ate porridge on a

daily basis were invited to join the study. The exclusion criteria

were children with specific food allergies or intolerances, hepatic

problems, a known infection at the time of the study entry, oral

problems, cerebral palsy or obvious general health problems. All of

the exclusion criteria were based on visual observations and/or the

caretakers' information.

2.3 | Informal market survey for common
complementary foods

The first step of the study was to identify the PCFPs available on the

market, from which the brands could be selected for the sensory and

WTP evaluations. First, we conducted an informal market survey in

the four subdistricts of Phnom Penh (18–19 February 2012) and four

subdistricts of Prey Veng (24–26 February 2012). Two trained staff

members visited relevant stores (supermarkets, baby shops and con-

venience stores) and noted the brands sold in the stores in addition to

the net weight (as listed on the package) and retail price. The survey

identified the most available commercial brands and variants in the

market.

2.4 | The food products

The following products were selected to be included in the sensory

and WTP evaluations;

1. Commercial PCFP: the commercial PCFP product identified in the

informal market survey as the most available commercial product

in urban and rural Cambodia.

2. Hybrid PCFP: the social-commercial PCFP identified in the infor-

mal market survey, available in both urban and rural Cambodia.

3. CSB++: the nutritionally superior PCFP present in the food aid

channel in Cambodia at the time of the study, distributed by WFP.

4. WF-L: the locally produced PCFP developed as a nutritious and

culturally acceptable local product as part of the WinFood study

that was conducted in 2010 in Prey Veng Province, Cambodia

(Skau et al., 2015).

2.5 | Data collection process

The participants were invited to an outdoor site under temporary can-

opies or on health centre terraces. The study placed the interviewers

in different consecutive booths to get answers on the following

criteria: morbidity survey, the sensory study, stated WTP, socio-

economic status, knowledge and familiarity with young child feeding

and nutrition issues and experimental WTP. The flow of the study is

presented in Figure S1.

2.5.1 | Sensory evaluation

To assess the product preferences of the caretakers of the young

children, we applied the hedonic ranking test evaluation method. We

presented the participants with a tray containing all four products,

each in a small coded bowl with four small spoons on the side. The

four products were randomly placed on each tray. The participants

were invited to observe, taste, smell and touch the products. The staff

asked the participants to rank their preference for taste, colour, odour,

consistency, texture and overall preference consecutively. The partici-

pants placed the bowls in order of their preference and the staff

wrote the code of each bowl in the corresponding ranking column of

the questionnaire.

2.5.2 | Assessment of the stated WTP

The stated WTP was elicited using the open-ended contingent valua-

tion (CV) method. This relies on directly asking the participants how

much they would hypothetically be willing to pay for a product if it

was made available to them. Stated WTP was elicited using this

method for three of the PCFP products, namely, the ‘Commercial’,
‘Hybrid’ and WF-L. The participants were shown a PCFP presented in

three different forms: (a) single use portion-unlabelled-closed-

uniform-plain foil package of 35 g, (b) in an open container (powder)

and (c) in a bowl, prepared and ready to eat. The participants were

welcome to touch, smell or taste the food displayed. No additional

information about the food was provided. The order of the three

PCFP was randomized for each participant.

NURHASAN ET AL. 3 of 13



The stated WTP method is often criticized for its hypotetical

bias. Because the question is purely hypothetical, the participants

may for various reasons refrain from revealing their true WTP

(see, e.g., Johnston et al., 2017). Following on from the work of

Blumenschein, Blomquist, Johannesson, Horn, and Freeman (2008), a

procedure was implemented to minimize the potential impact of

hypothetical bias. The participants were first asked how much they

would be willing to pay for the presented PCFP and the value stated

was recorded as ‘original stated WTP’.
The participants were then asked for the certainty level of their

answer (absolutely, moderately, little or not certain). When the answer

was ‘absolutely certain’, the original WTP interviewer moved on to

ask for the stated WTP of the next PCFP. When the answer was other

than ‘absolutely certain’, the participants were asked to state a price

at which they would be certain to buy the product. This WTP was

recorded as ‘corrected stated WTP’. The respondents were allowed

to express their unwillingness to pay for the PCFP or their indecisive-

ness when it came to paying for a certain PCFP, where their stated

WTP would be recorded as zero.

2.5.3 | Assessment of the actual WTP of WF-L

Actual WTP was revealed using the Becker–Degroot–Marschak (BDM)

auction method (Becker, DeGroot, & Marschak, 1964). The BDM is an

acknowledged method used to elicit the participants' preferences and

WTP in the economic valuation literature (Breidert, Hahsler, &

Reutterer, 2006). The BDM mechanism is constructed to ensure that

the dominant strategy for the participants is to reveal their true prefer-

ences and values associated with the goods in question by penalizing

both the over-and-underbidding of WTP (Lusk & Shogren, 2007). This

ensures that there is incentive compatibility, which is considered to be

a key condition for the elicitation of true preferences and WTP

(Johnston et al., 2017). In this respect, the BDM mechanism thus

obtained more valid estimates of WTP than the stated WTPs obtained

using the CV method as it avoids hypothetical bias.

The BDM method was implemented only for the WF-L. WF-L

was presented to participants in three different forms as described

above for the stated WTP. The participants were invited to observe,

touch, smell and taste the sample. The participants were given

vouchers for borbor sold in their area. Every participant received

25 vouchers, each worth 100 Cambodian riel (KHR)1 (�$2 cents). The

total value of the borbor vouchers was 2500 KHR (�$0.60) for each

participant. The participants were instructed that the vouchers were

valid for buying borbor from a list of local sellers, in addition to the

seller's picture and name being provided. Each of the participants

confirmed that they knew at least one of the borbor sellers from the

pictures and that they understood how the vouchers could be used as

payment for borbor in their area.

First, the participant submitted a bid for a product of unknown

price. The price was then determined by randomly selecting a lottery

card from a jar with cards displaying different prices. If the submitted bid

was greater than or equal to the determined price, borbor vouchers equal

to the determined price were exchanged for WF-L. If the submitted bid

was lower than the determined price, no transaction took place, and all

vouchers were kept by the participant. In this way, the participants

revealed their actual WTP by exchanging borbor vouchers for WF-L.

The field staff explained the BDM method three times to the par-

ticipants, twice as an exercise (with toys and sugar). The participants

were also given opportunities to ask about the mechanism during the

practice itself. The field staff took note of whether or not the partici-

pants understood the BDM mechanism before bidding for WF-L.

Whether or not the participants understood the mechanism, the

experimental WTP for WF-L was still performed. The respondents

were allowed to express their unwillingness to pay for the PCFP and

their actual WTP would be recorded as zero. The WTP values from

participants who did not understand the bidding mechanism were

treated as missing values.

2.5.4 | Socio-economic, knowledge and familiarity
and word association surveys

The socio-economic and knowledge and familiarity surveys were

conducted in the same booth using photo albums containing clippings

of PCFPs (packages). They were showed when asking about their

familiarity with PCFPs. Additionally, questions were asked about the

caretaker's associations related to a set of words concerning food such

as ‘protein’, ‘carbohydrate’ and ‘rice’ and whether the participants

associated these words with ‘good or healthy for children’, ‘bad or

unhealthy for children’ or ‘never heard the word’. This restricted word

association task proceeded to understand the participants' perception

of the health association of words related to food and nutrition. Most

of the enumerators were women in order to minimize the possible cul-

tural discomfort of the female caretakers. The child dependents of the

participants were provided with toys to play while waiting.

2.6 | Statistical analysis

For the sensory analysis, the preferences of individual groups were

expressed as a median. The Friedman test was used to assess the dif-

ferences in consumer preference between the four food groups and

the Wilcoxon sign rank test was the post-hoc test. The Kruskal–Wallis

test was used to understand the difference between the urban and

rural areas for each sensory attribute of every complementary food.

WTPs were expressed as mean and median.2 Significance was

declared as p < 0.05.

To show how strongly each sensory attribute influences the over-

all liking for each PCFP, a principal component analysis (PCA) biplot

was used (Ngo, 2018). We summed the values of each food product

and each sensory attribute. We then presented the results as a biplot

with the PCFPs being the observation and the sensory attributes

being the variables. The longer vector shows a higher variance, and

vice versa. An angle smaller than 90� shows that the two attributes

are positively correlated, a 90� angle shows an unlikely correlation
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and close to 180� angle shows a negative correlation. The larger the

projection of the PCFP on an attribute vector, the more that the PCFP

deviates from the average of the attributes and vice versa

(Kroonenberg, 2008; Ngo, 2018).

3 | RESULTS

The study involved 520 caretakers with a child between 7 and

24 months of age (233 in urban Phnom Penh and 287 in rural Prey

Veng). The number of participants in each step of the study is pres-

ented in Figure S1.

3.1 | Informal market survey of common
complementary foods in Cambodia

In the informal market survey, the field staff identified 49 stores in

the four districts of Phnom Penh and 23 stores in the four districts of

Prey Veng where PCFPs were sold. The total number of stores visited

was not recorded. The most commonly available PCFP in both Phnom

Penh and Prey Veng was a global commercial brand. The average price

of this brand and variant was $4.70 in Phnom Penh and $4.17 in Prey

Veng per 350 gram package. We found only one social-commercial

PCFP in the market, and on average, it was sold for $0.18/sachet of

35 g. We selected these two products to represent the commercial

and social-commercial/hybrid PCFPs in the Cambodian market. For

the purpose of neutrality, this study does not reveal the name of the

commercial and social-commercial brands and refers to the selected

products (brand and variant) as ‘Commercial’ and ‘Hybrid’. All PCFPs
in this study were repacked in identical neutral packages.

3.2 | Participants' characteristics

Table 1 summarizes the participants' characteristics for the socio-

economic status, familiarity of PCFP and WTP questions. The median

income and the number of children were the same between the

households in the rural and urban areas, while more of the rural

households were in the lowest income group. More urban participants

had a higher level of education. There were more participants in the

rural area who had paid jobs, and there were more households in

the urban area whose main breadwinner of the family included the

woman. Figure 1 shows the percentage of urban and rural participants

who associated food-related words asked in the survey with what

was good or healthy for the child.

3.3 | Participants' preferences for complementary
foods

The participants' ranking of PCFPs and the food attributes in the sen-

sory evaluation are illustrated in Figure 2. Both the urban and rural

caretakers consistently preferred ‘Commercial’ (rank 1) to other prod-

ucts, followed by ‘Hybrid’ (rank 2). The participants generally ranked

CSB++ and WF-L as rank 4 and rank 3 interchangeably, with WF-L

being preferred by the rural participants over CSB++. The differences

between the urban and rural area for each sensory attribute of the

food is also shown in Figure S2.

3.4 | Sensory attribute with the strongest
association to overall preference

The sensory attributes were found to be positively correlated with

each other. The attributes with the strongest correlation to overall

liking were taste and consistency in the urban are and consistency,

taste and odour in the rural area. For both urban and rural partici-

pants, colour and texture were the attributes with the weakest corre-

lation to overall liking (Figure 2 and Table S1).

3.5 | Stated WTP for ‘commercial’, ‘hybrid’ and
WF-L

Initially, 100% of the urban participants were willing to pay

for ‘Commercial’, 94.8% for ‘Hybrid’, and 69.0% for WF-L. After

being asked how certain they were about their WTP and whether

they would like to revise it, the percentage of the urban participants

who were willing to pay changed to 99.6% for ‘Commercial’, 96.6%
for ‘Hybrid’ and 78.9% for WF-L. The percentage of rural participants

who were willing to pay for ‘Commercial’, ‘Hybrid’ and WF-L did

not change, even after their certainty was assessed; 100% for

‘Commercial’, 97.9% for ‘Hybrid’ and 86.4% for WF-L.

Asking the respondents about their certainty of purchasing

PCFP changed the average WTP but not the median. The average

stated WTP after being asked for their certainty level (corrected

WTP) for ‘Commercial’, ‘Hybrid’ and WF-L in the urban area was

3008 KHR, 2306 KHR and 1801 KHR consecutively. In the rural

area, it was 3234 KHR, 2548 KHR and 2014 KHR. The medians of

the stated WTP for ‘Commercial’, ‘Hybrid’ and WF-L in the urban

area were 2000 KHR, 1500 KHR and 1000 KHR, and in the rural

area, the medians were 2000 KHR, 2000 KHR and 1500 KHR

(Figure S3).

3.6 | Actual WTP for WF-L

Despite the extensive efforts to ensure that the participants under-

stood the BDM mechanism as outlined in Section 2.5.3, 66 out of the

228 participants in the urban sample and eight out of the 285 partici-

pants in the rural sample did not understand the bidding mechanism.

Among the participants who understood the bidding mechanism,

99.4% in the urban and 87.7% in the rural areas were actually willing

to pay for WF-L. Among the urban participants, the descriptive mean

and median of actual WTP elicited through the BDM auction were

NURHASAN ET AL. 5 of 13



TABLE 1 Socio-economic characteristics of the participants by site and baseline bid

Socio-economic characteristics n Urban n Rural

HH income group (median in $) 233 60–150 285 60–150

HH income group <$60/month, n (%) 233 7 (3) 285 131 (46)

Have job, n (%) 233 143 (61.4) 282 278 (98.6)

Main breadwinner, n (%)

Husband
232

151 (65.1)
285

243 (85.3)

Wife or husband and wife together 73 (31.5) 12 (4.2)

Literate, n (%) 233 193 (82.8) 285 172 (60.7)

Number of children (median) 233 2 285 2

Some secondary education, n (%) 233 190 (81.5) 285 172 (60.3)

Possession, n (%)

Bike

233

99 (42.5)

285

213 (74.7)

Motorcycle 197 (84.5) 181 (63.5)

Car 19 (8.2) 6 (2.1)

Widest type of floor, n (%)

Tile 233 155 (66.5) 285 10 (3.5)

Bamboo 8 (3.4) 253 (88.8)

Ground 18 (7.7) 22 (7.7)

Cooked/filtered source of drinking water, n (%) 233 230 (98.7) 273 195 (71.4)

Toilet, n (%)

Own toilet (in or out house)

233

181 (77.7)

285

89 (31.2)

Shared toilet (public or personal) 50 (21.5) 56 (19.6)

In nature 2 (0.9) 140 (49.1)

Familiar with the following instant porridge brands, n (%)

Cerelac

233

174 (74.7)

280

129 (46.1)

Celia 38 (16.3) 33 (11.8)

Gerber 21 (9.0) 38 (13.6)

Promina 66 (28.3) 36 (12.9)

Nutrikhmer 209 (89.7) 118 (42.1)

Ever consumed instant porridge, n (%)

Cerelac

233

65 (27.9)

280

60 (21.4)

Celia 5 (2.1) 9 (3.2)

Gerber 7 (3.0) 13 (4.6)

Promina 10 (4.3) 13 (4.6)

Nutrikhmer 72 (30.9) 53 (18.9)

Exposure to commercials for instant porridge, n (%)

Radio

233

0 (0)

280

87 (31.1)

TV 193 (82.8) 222 (79.3)

Mags 6 (2.6) 38 (13.6)

Poster 12 (5.2) 14 (5.0)

People talk 83 (35.6) 210 (75.0)

Never 16 (6.9) 10 (3.6)

Believe that the following is healthier, n (%)

Instant porridge

233

37 (15.9)

280

74 (26.4)

Traditionally sold porridge 1 (0.4) 9 (3.2)

Homemade porridge 196 (84.1) 197 (70.4)

(Continues)
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1667 KHR and 1500 KHR consecutively. Among the rural partici-

pants, the descriptive mean and median of the actual WTP were 1192

KHR and 1000 KHR. The distribution of the actual WTP for WF-L is

shown in Figure 3.

3.7 | Stated WTP vs actual WTP

Our study found strong evidence of a hypothetical bias based on the

CV estimation of WTP for WF-L. Figure 4 shows that most of the

participants overstated their economic valuation. In the absence of

hypothetical bias, the WTP results should be relatively congruent,

reflected by the 45� line. Most of the participants appear to be

below the 45� line, showing a tendency to report a higher stated

WTP than the one revealed when actual transactions are involved in

the BDM auction. Only 18% of our sample reported identical stated

WTP and actual WTP. On average, the hypothetical WTP is 1.4 times

greater than the actual WTP. This trend was similar among the urban

and rural participants, but the urban participants showed less

hypothetical bias.

4 | DISCUSSION

The sensory study showed that the experimental product, WF-L,

was less preferred than the commercially available PCFP relative to

CSB++. The WTP study showed that the participants were willing

to pay for WF-L and that the WTP values were higher in the

urban than rural settings.

4.1 | Participants were not familiar with PCFP

Our study showed that knowledge and familiarity with PCFP was not

universal in both the urban and rural settings, although more of the

urban participants were familiar with PCFPs than rural participants.

Cerelac and Nutrikhmer were the most familiar brands known by

more than 74.7% of the participants in the urban area and 42.1% in

the rural area, consumed by at least 27.9% of the urban and 18.9% of

the rural participants, respectively. With a limited experience of

PCFPs among the target consumers, the preference for PCFP in gen-

eral could be expected to be low.

TABLE 1 (Continued)

Socio-economic characteristics n Urban n Rural

Believe the following is more practical, n (%)

Instant porridge

233

20 (8.6)

280

29 (10.4)

Traditionally sold porridge 50 (21.5) 20 (7.1)

Homemade porridge 164 (70.4) 232 (82.9)

Believe that the following is preferred by their child, n (%)

Instant porridge

233

17 (7.3)

280

32 (11.4)

Traditionally sold porridge 28 (12) 65 (23.2)

Homemade porridge 189 (81.1) 185 (66.1)

Note: Including those who were excluded from the analysis for failing to understand the bidding mechanism; HH is an abbreviation for household.

F IGURE 1 Percentage of participants
associating food-related words with ‘bad or
unhealthy’ for their children (the number of
participants included in the analysis were 233 for
urban and 282 for rural, except for the words
‘micronutrient’, ‘meat’, ‘snack’ and ‘jelly’
(n = 232) and ‘snack’ (n = 282) in urban and for
the word ‘cricket’ (n = 280) in rural)
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Most of the urban and rural participants acknowledged that they

were exposed to PCFP advertisements, especially on television. Inter-

estingly, 31% of the rural participants but no urban participants were

exposed to PCFP advertisements on the radio. ‘People talk’ in this

study describes word-of-mouth or an informal source of information

received from other persons talking about or mentioning PCFP, PCFP

brands or any related information regarding PCFP. This was also

reported as a major source of information, especially among the rural

participants.

Other than Cerelac and Nutrikhmer, PCFP brands in Cambodia

were poorly recognized. The finding shows that more than 80% of

participants were exposed to PCFP advertisements and only two

brands were widely recognized. This indicates that there would be

room for a higher diversity of PCFP if they meet the consumers' pref-

erences and competitive in price. It also indicates the challenges

related to penetrating the Cambodian market for PCFP producers and

a rationale for strengthening the homemade complementary food

programmes in Cambodia.

4.2 | Participants were willing to pay for PCFP

The stated WTP for WF-L was higher in the rural than urban setting,

even after adjusting for the participants' level of certainty of their

stated WTP. When the participants were given the borbor vouchers to

actually trade for WF-L in the BDM auction, the share of participants

who were willing to buy was higher than in the stated WTP setting.

However, the mean WTP value was lower. Using the average WTP of

WF-L at the BDM auction, the participants' WTP for WF-L was

48 and 34 KHR/g in the urban and rural settings consecutively. The

market price of ‘Commercial’ and ‘Hybrid’ both fall into the range

shown by the WTP at the BDM auction.

Our findings confirm a pattern of urban participants being willing

to pay more than the rural participants. While the presence of hypo-

thetical bias questions the validity and usefulness of the stated WTP

values, we note that the magnitude of this bias in our study is rela-

tively small compared to previous studies (e.g., Kanya, Sanghera,

Lewin, & Fox-Rushby, 2019; List & Gallet, 2001).

4.3 | The locally produced WF-L could be a more
viable PCFP option than CSB++

The findings from the organoleptic assessment are aligned with the

ranking of the average WTP values, with the ‘Commercial’ and

‘Hybrid’ products as the most preferred PCFPs in urban and rural

settings. The two products available on the market have presumably

been through an extensive product development process prior to

going on the market. Overall, the novel product WF-L was equally

preferred over a widely distributed food aid PCFP, CSB++. Moreover,

WF-L supported growth in a similar manner to CSB++ (Skau

et al., 2015) and thus was likely to have a positive impact on the

omega-3 fatty acid status of nonbreastfed children (Nurhasan

et al., 2018). The collective evidence suggests that the tested pilot

version of locally produced WF-L could be a more viable PCFP option

than CSB++.

In a rural setting, the participants preferred WF-L to CSB++ for

its texture and overall organoleptic properties. This indicates a

F IGURE 2 Principal component (PC) analysis biplot (PC 1 and PC
2) of the sensory attributes of the PCFPs in urban and rural settings
(for the urban participants, the first principal component (PC1) and
the second (PC2) accounted for 93.14% and 5.85% respectively,
explaining a total of 98.99% of the data variability. For the rural areas,
the biplot explained 99.32% (PC1 = 96.22% and PC2 = 3.10%) of the
total variability; the lengths of the attribute vectors are approximately
proportional to the standard deviations of the attributes with exact
proportionality if the fit is perfect (longer vector show higher
variance, and vice versa). When the angle between the two PCFP
vectors is small, they have similar response patterns to the attributes,
and vice versa; Kroonenberg, 2008; Ngo, 2018)
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potential for WF-L to be further developed as a PCFP for the 91% of

Cambodia's poor households living in rural areas (ADB, 2014). Never-

theless, in order to have a significant impact on child nutrition on a

national level, WF-L development needs to meet the local preferences

better. Taste and consistency were found to be the most important

sensory attributes. WF-L and other future PCFPs developed for the

Cambodian market should consider taste and consistency as the most

important attributes for potential consumers. As all of the sensory

attributes are positively correlated, an improvement of any of the sen-

sory attributes will increase the preference for PCFP.

Although incorporating the preferences of the target consumers

in the early stages is a critical success factor in new product develop-

ment (van Kleef, van Trijp, & Luning, 2005), this step has largely been

ignored in the process of developing food aid products. This causes

poor compliance with programmes that target food-insecure

populations. A successful example of using small fish as a high-quality

protein source in nutrition programmes in Cambodia was demon-

strated by the development of a fish-based ready-to-use therapeutic

food (RUTF) product (Sigh, Roos, Sok, et al., 2018; Sigh, Roos,

Chamnan, et al., 2018). The RUTF, which is in the form of crispy wafer

with fortified fish paste, was developed after this study was com-

pleted. It is now manufactured locally under the trademark name

Nutrix, and it was procured by the Ministry of Health for the treat-

ment of severe acute malnutrition (UNICEF, 2018).

4.4 | Homemade complementary foods perceived
as healthier, more practical and preferred

Many of the participants in both urban and rural settings perceived

that the porridge they make at home is healthier, more practical and

preferred by their children. This finding will be useful when designing

a nutrition strategy in view of the insufficient preparation of healthy

complementary meals in Cambodia. A study conducted in Prey

Veng found that the average portion size of egg, fish or pork added to

borbor was only 8–16 g/day for egg, 3–23 g/day for fish and

F IGURE 4 Actual versus hypothetical WTP
of WF-L (actual WTP showing the values where
non-bidders are treated as WTP = 0 KHR and the
participants who did not understand the bidding
mechanism were treated as missing values
[excluded]. The line of y = x shows an ideal
nonbias WTP between actual and hypothetical.
To avoid visual clutter, one observation was left

out of the graph, namely, 20 000 KHR, a
hypothetical/stated WTP for an urban
respondent)

F IGURE 3 Actual WTP for WF-L in urban
and rural Cambodia (actual willingness to pay
0 [zero] shows the number of respondents who
were unwilling or indecisive to pay for WF-L)
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3–18 g/day for pork (Skau et al., 2014). This showed that although

animal-source foods such as fish and fish products were available

from the surrounding aquatic environment, the inclusion in the

traditional complementary food of infants and young children was

insufficient to provide the required nutrients. Improving the quality of

homemade foods certainly merits urgent consideration.

Caretakers typically categorized complementary foods as healthy

and unhealthy, which is an important consideration when they are

choosing what to feed their children with (Matvienko-Sikar

et al., 2018). Understanding the parental perception concerning what

is associated with healthy and unhealthy provides a valuable tool in

the development of strategies to reach the targets of the nutrition

programmes (Buckton, Lean, & Combet, 2015). In our study, the par-

ticipants' perception of the words related to the commonly consumed

diet such as rice, fish and vegetables were largely associated with

‘good’ or ‘healthy’ for their child. Unique traditional animal source

foods, namely, frog, fish sauce, spider and crickets, were associated

with being good or healthy for their children by fewer participants

than fish and meat. This indicates that the caretakers are possibly

more reluctant to feed their children with Cambodian unique sources

of animal protein.

Nutrition words, such as vitamin, micronutrient, protein, mineral,

calcium and even DHA and Omega-3 were associated as good or

healthy by more of the urban than rural participants. This indicates a

different exposure to nutrition information between the urban and

rural participants. Interestingly, although the high consumption of

ultra-processed snacks in urban (Pries et al., 2016a) and rural Cambo-

dia (Brown, 2017) was a concern, the words related to ultra-processed

snacks, namely, jelly and snacks, had unhealthy associations according

to more than 80% of both urban and rural participants. A similar

pattern was shown in Nepal where ultra-processed snacks were

perceived as unhealthy but the caretakers commonly fed them to

their children because of the child's preference, the ease of prepara-

tion and the ease of feeding (Sharma et al., 2019).

This finding suggests that parental familiarity and the perception

of homemade complementary foods can relate to the strength of the

nutrition education provided and behavioural change interventions to

improve homemade complementary foods in Cambodia. Such a pro-

gramme could be more efficient when embedded in an agriculture

project (Reinbott et al., 2016) or if organized in a way to utilize

community-based participation (Reinbott & Jordan, 2016). Addition-

ally, the language used to communicate the nutrition message

influenced the effectiveness of the public health nutrition strategy

(Buckton, Lean, & Combet, 2015). Without an effective communica-

tion strategy, the attempted nutrition programmes using PCFP often

failed (McGuire, 2000). Hence, our findings on food-related words

being associated with healthy and unhealthy should be considered

when designing the communication strategy of both programmes

involving homemade foods and PCFP.

Inadequate complementary feeding practices involve various

underlying reasons (Bhutta et al., 2013). Hence, implementing diverse

interventions, both market and nonmarket based, will broaden the

chance to tackle the various issues of complementary feeding. The

lessons learned from other studies suggest that it is challenging to

persuade mothers to feed their children with PCFP more than once a

day (Bruyeron, Denizeau, Berger, & Trèche, 2010). This could make

interventions with PCFP suboptimal. Other studies also show that

albeit positively affecting subsequent growth, the consumption of for-

tified infant foods reduced dietary diversity (Diana et al., 2017) while

the consumption of homemade complementary food was associated

with higher dietary diversity (Mok et al., 2017). Our finding that

homemade complementary foods are preferred by mothers resonates

with the recommendation that the improvement of homemade com-

plementary foods should be the main strategy in complementary feed-

ing programmes with PCFP as a supplementary option. Furthermore,

when applied in the context of food aid programmes, locally produced

PCFP can potentially be an equally if not better option than CSB++.

Care should be taken concerning the risk of supporting PCFPs as

a market-based intervention for malnutrition issues (Robinson, 2016),

especially on the violation of marketing ethics and the risk of unfair

marketing practices, as has happened before in Cambodia (Champeny

et al., 2016; Hou et al., 2019; Pries et al., 2016b). Policy makers should

develop nutrition policies and programmes aimed at ensuring a fair

and demonstrable dietary impact on the children vulnerable to

malnutrition.

4.5 | Strengths and limitation of the study

This study is among the first to test the preferences and WTP for

novel PCFPs relative to the products already available in Cambodia.

The strengths of our study lie in several aspects. First, the coverage

of urban and rural caretakers represents the diversity of the socio-

economic states and the rate of malnutrition in Cambodia. The

study is therefore informative and supports the diversification of the

nutrition strategies required to reach both urban and rural care-

takers. Second, our results are consistent with the previous findings

from other studies, indicating the robustness of the methodology.

Various studies found that the actual WTP is usually lower than the

stated WTP. This gap is referred to as hypothetical bias (List &

Gallet, 2001; Loomis, 2011). This is also evident in our study and

underlines the importance of using experimental setups that mea-

sure actual WTP in these types of setting. The ranking in the stated

WTP among the three PCFPs was consistent with the ranking of

the overall sensory assessment of the participants. This is also in line

with the previous findings (Combris, Bazoche, Giraud-Héraud, &

Issanchou, 2009).

Our study also has limitations. First, the WF-L tested was not yet

optimally refined while the other products were fully developed.

WF-L could be optimized further regarding the attributes that could

have changed the perception and judgement of the product users

(Bublitz, Peracchio, & Block, 2010). Second, in order to identify PCFP

in the market, the total number of stores visited in the informal mar-

ket survey was not recorded. Third, the number of participants who

did not understand the bidding game was substantially higher in the

urban area. Fourth, the study was conducted in 2012. Although we
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included CSB++ as the PCFP distributed through food aid channels,

its distribution in Cambodia was discontinued in 2014. This makes the

specific information embedded in CSB++ in this study less relevant to

the specific Cambodian context. However, the CSB++ is still distrib-

uted widely in other parts of the world, sometimes as SuperCereal

Plus (WFP, 2013). This represents global food aid that is not devel-

oped based on the local diet. Therefore, our findings might serve as

reference for future studies to encourage more local-based food aid

around the world.

5 | CONCLUSION

Our study aimed to evaluate the Cambodian caretakers' prefer-

ences and actual willingness-to-pay (WTP) for locally produced for-

tified rice-and-fish-based PCFP and WF-L in comparison with a

common commercial PCFP, a common social-commercial PCFP and

the widely distributed food aid product, CSB++. Our results show

that overall, WF-L was preferred by the rural participants over food

aid CSB++ and the participants were willing to pay for it. However,

in order to compete with the other PCFPs available in the Cambo-

dian market, WF-L needs to undergo further improvements in

terms of its organoleptic qualities, especially consistency and taste.

Despite being nutritionally inadequate, most of the participants

considered homemade porridge to be healthier, more practical and

preferred by their children. In order to decrease the prevalence of

childhood malnutrition in Cambodia, improving the quality of home-

made complementary foods certainly merits urgent consideration. As

inadequate complementary feeding practices involve different under-

lying reasons, implementing diverse interventions will broaden the

chance to tackle the various issues of complementary feeding. Our

study suggests that when applying PCFP in nutrition programmes,

locally produced fortified rice-and-fish-based PCFP could be a more

viable supplementary option in terms of homemade complementary

foods compared with global food aid.
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ENDNOTES
1 All $ in the study expressed USD, and it is a common unofficial market

currency in Cambodia; $1 was valued at around 4000–4200 KHR at the

time of the study and it is still valued at around the same rate at the time

of the submission of the manuscript; the Cambodian currency hardly

changed beyond this range in the last 10 years.
2 For the analysis, the values from the participants who did not respond to

a question were considered as missing only for the particular variable

associated with that question.
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