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Abstract

Complementary feeding influences infant growth and health. Maori and Pacific infants
in Aotearoa New Zealand experience disproportionate nutrition-related disease, yet com-
plementary feeding data are limited. Caregivers of 625 infants (7-10 months) completed a
questionnaire on timing of introduction, baby-led weaning (BLW), and baby food pouch
use. Ethnicity was total response; infants not Maori or Pacific were classified as ‘other’.
Complementary foods were introduced at around six months for 56.5% of Maori, 62.2%
of Pacific, and 80.9% of others; before five months for 40.5%, 34.2%, and 17.3%. BLW
prevalence was 29.2% (Maori), 17.1% (Pacific), and 27.3% (other). Although pouches were
uncommon when complementary feeding began, by 7-10 months about two-thirds of
Maori and Pacific infants were fed pouches sometimes or frequently. Frequent pouch
use with mostly or always nozzle feeding occurred in 12.2% of Maori infants, 12.2% of
Pacific infants, and 2.7% of other infants. Vegetables and purée were the most common first
food and texture. By six months, over half consumed red meat and about half consumed
iron-fortified baby rice. These feeding practices have implications for nutrition-related
health inequities among Maori and Pacific infants, highlighting the need for culturally
centered public health approaches to support whanau with feeding.

Keywords: complementary feeding; Maori; Pacific; commercial baby food pouches;
baby-led weaning

1. Introduction

Infant complementary feeding practices impact healthy growth and development. The
World Health Organization (WHO) and the Ministry of Health New Zealand recommend
introducing complementary foods ‘at’ [1] or ‘around’ [1,2] six months of age, starting with
a smooth, thin purée, progressing to a greater variety of foods and textures as the infant
grows older, and self-feeding with family foods by 12 months of age. Complementary
feeding practices in Aotearoa New Zealand (NZ) have evolved over the past two centuries.
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In both pre-colonial NZ and the neighbouring Pacific Islands, Maori and Pacific infants
shared whanau (family) food, which was texture-modified and warmed through pre-
mastication. Rapata et al. (2021) describe the complementary feeding of Maori infants as
a natural and instinctive process [3]. Starchy root crops, breadfruit, green bananas, and
coconuts are commonly offered as first foods in the Pacific Islands [4]. Infant developmental
cues, such as sitting and grasping, informed the timing of introducing complementary
foods, with breastfeeding and wet nursing common practices. Today, infants are more
commonly introduced to complementary foods at an early age and commercial infant foods
are widely available. At the same time, there is less access to traditional community and
social structures for Maori that enable care of the infant by the wider whanau [5].

In recent years, there has been an influx of baby food pouches onto the market. Baby
food pouches are made of soft, squeezable plastic with nozzles attached from which
infants can suck puréed foods directly. In the United States in 2015, and in the United
Kingdom in 2019, 56% and 54% of commercial infant foods, respectively, were packaged in
pouches [6]. One NZ study from 2019 found that more than half of all commercial infant
foods (n =103, 52.3%) were packaged into pouches [7]. In both NZ and internationally,
pouches have more sugar and lower levels of iron compared with equivalent commercial
infant food not packaged into pouches [8-12]. Alongside pouch use, the practice of baby-
led weaning (BLW) appears to be increasing in NZ. Although the research is limited, BLW
appears to be a primarily European phenomenon; however, there is some indication that it
may also be increasing in popularity among Maori whanau [13,14].

There are limited data describing the complementary feeding practices of infants in NZ.
With a disproportionately high burden of communicable and non-communicable diseases
experienced by Maori and Pacific infants and young children, particularly respiratory
illnesses, iron deficiency, and dental caries [15,16], there is a growing need to assess and
better understand complementary feeding practices. This will help guide appropriate
advice to whanau that is relevant and consistent with cultural practices. This supports
the principles of the Treaty of Waitangi that all New Zealanders are entitled to equal
health outcomes [17], for which access to healthful traditional cultural foods is crucial [18].
This paper will describe complementary feeding methods, first food characteristics, and
the timing of complementary food introduction among Maori, Pacific, and ‘other” (non-
Maori/Pacific) infants living in NZ, with particular public health relevance for Maori and
Pacific infants given existing nutrition-related health inequities.

2. Materials and Methods

The study design and data collection methods described here are only those relevant
to this analysis from the wider First Foods New Zealand (FFNZ) study, with additional
detail reported elsewhere [19]. FFNZ was registered with the Australian New Zealand
Clinical Trials Registry (ACTRN12620000459921). Ethical approval was granted by the
Health and Disability Ethics Committee New Zealand (19/STH/151) and funding was
obtained from the Health Research Council (HRC) of New Zealand (grant 19/172).

2.1. Study Design and Participants

First Foods New Zealand (FFNZ) is an observational cross-sectional study of
625 infants aged 7-10 months in NZ. This analysis aims to describe infant feeding practices
of Maori, Pacific, and other (non-Maori/Pacific) infants. Infant complementary feeding
practices encompass methods of feeding, such as full BLW and traditional spoon-feeding,
pouch use, the timing of the introduction of complementary foods, and the types of first
foods offered. The sample size was based on the wider study aim of comparing body-mass
index (BMI) z-score and plasma ferritin concentration in infants following full BLW and tra-
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ditional spoon-feeding. This sample size allowed estimation of the prevalence of frequent
pouch feeding to a 95% precision level of +4%.

Infant-caregiver dyads were recruited between July 2020 and February 2022 from
two urban centres in NZ: Tamaki-Makaurau (Auckland) and Otepoti (Dunedin). Partici-
pants were excluded if the caregiver was unable to speak English (for logistical reasons)
or if the infant had recently been part of a nutrition intervention study that might have
influenced their diet. English proficiency was a study-wide criterion. Participants were re-
cruited from a range of ethnic and socioeconomic deprivation groups using advertisements
and word-of-mouth. When recruiting via social media, care was taken to avoid special
interest groups, such as those for BLW or for infants with allergies, to minimise sampling
bias. To ensure ethnic diversity that reflected the wider NZ population, recruitment was
targeted in suburbs with higher proportions of Maori and Pacific whanau. An English
language information sheet was given to all participants and written informed consent
was obtained from the primary caregiver. Written informed consent was obtained from
caregivers on behalf of themselves and their infants.

2.2. Data Collection

Data were collected using a structured questionnaire administered with a researcher
present. The questionnaire encompassed self-identified caregiver and infant ethnicity;,
household socioeconomic deprivation (NZ Deprivation Index 2018 [20]), and household
occupancy; caregiver education, work status, age, and parity; and infant age, sex, enrolment
in childcare, and gestational age at birth. Meshblock data were used to determine the level
of socioeconomic deprivation based on the NZ Deprivation Index. Infant ethnicity was
self-identified by the caregiver. Caregivers could select more than one option from a list
of eight categories consistent with the New Zealand Census [21]: Maori, Samoan, Tongan,
Cook Island Maori, Chinese, Indian, New Zealand European, Niuean, and Other. Free-
text responses were also reviewed and coded where applicable. For the purposes of this
manuscript, participants who did not identify as Maori or Pacific were categorised as
‘other’, reflecting the primary analytic focus on Maori and Pacific infants. The “other’
category therefore represents a heterogenous group. Ethnicity data are reported as the total
response, so that an infant who was identified as being Maori and Pacific contributed data
to both those ethnicity categories in the analyses. This was important as many NZ infants
belong to more than one ethnic group.

Feeding practices were self-reported by caregivers via questionnaire, with a researcher
present to answer any questions. Caregivers were asked about infant age when comple-
mentary foods were introduced, with age reported in completed months. Caregivers were
also asked about baby food pouch use and method of feeding, reported retrospectively for
three time points: at the introduction of complementary foods, at six months of age, and
“currently” (defined as the time of study participation, age 7 to 10 months).

Infants were classified as traditionally spoon-fed if “spoon-fed by an adult” or “mostly
spoon-fed by an adult, some baby feeding themselves” were selected. Partial BLW was
defined as “about half spoon-fed by an adult and half baby feeding themselves” was
selected. Full BLW if “baby feeding themselves” and “mostly baby feeding themselves,
some spoon feeding by an adult”, consistent with the approach used by Fu et al. [14].

Participants were asked about the frequency of pouch feeding, the use of commercial
pouches versus re-usable home-filled pouches. They were also asked how infants were
fed from pouches—directly from the pouch nozzle versus from a spoon. Infants were
designated as either “frequent” (commercial baby food pouch given 5 or more times per
week in the past month), “sometimes” (1-4 times per week), “infrequent” (fewer than
once per week), or “never” pouch users. The way in which infants fed from pouches was
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categorised as “always via the nozzle”, “mostly via the nozzle”, “both via the nozzle and
spoon”, “mostly via spoon”, and “always via spoon”. The prevalence of infants feeding
directly from the pouch nozzle was stratified by how frequently they consumed pouches.

Data on the first food offered, its texture, consumption of age-inappropriate drinks
and the use of traditional cultural foods and practices were collected through the same
questionnaire. Participants reported the first food they introduced to their infant using a
free-text response. To describe the texture of this food, they selected one option from the
following categories: puréed, mashed, chopped, finger food, or other. They were also asked
whether they had offered their infant iron-fortified baby rice or red meat at six months
of age. To assess use of age-inappropriate drinks, participants were asked the yes/no
question: “Are you currently offering your baby any drinks other than water, breast milk
or infant formula?”. If the response was “yes”, the participant was then asked to select
what they are offering the infant from a list of beverages, which included a free text box to
capture any responses outside the provided list. Lastly, participants responded to yes/no
questions regarding the use of traditional cultural foods or practices when first introducing
solids, and at their infant’s current age. Those who answered “yes” were invited to provide
further details in an open-ended response.

2.3. Statistical Analyses

Data were analysed using Stata SE, version 17.0 (StataCorp, College Station, TX, USA)
statistical software. Demographic data, the use of baby-food pouches, the prevalence of full
BLW, the types and textures of first foods, age at the introduction of complementary foods,
the consumption of red meat and iron-fortified baby rice, the use of age-inappropriate
drinks, and the use of traditional or cultural foods were summarised using descriptive
statistics. Pouch use, full BLW, and traditional spoon-feeding were estimated for the entire
sample with 95% confidence intervals. The data are presented as numbers and percentages.
Ethnicity data are reported as the total response.

3. Results

A total of 1424 infants were assessed for eligibility, of which 625 eligible infant—
caregiver dyads provided written consent and completed the questionnaire. Data were
analysed for all 625 infants. The recruitment of the final sample is detailed in a participant
flow diagram in Supplementary Figure S1. Within the cohort, 131 infants were identified
by their caregiver as Maori, and 82 were identified as Pacific, with 38 of these identifying
as both Maori and Pacific. The remaining infants were allocated into a single ‘other” group,
as the primary focus of this manuscript is infants identified as Maori or Pacific. The mean
(SD) infant age was 8.4 (0.8) months for Maori, 8.5 (0.9) months for Pacific, and 8.4 (0.8)
months for ‘other” infants. The demographic characteristics are presented in Table 1.

Table 1. Demographic characteristics (1 = 625).

Total Response Ethnicity

Maori Pacific Others

n 131 82 450
Infant age (mo), mean (SD) 8.4 (0.8) 8.5(0.9) 8.4 (0.8)
Infant sex, n (%)

Female 57 (43.5) 35 (42.7) 215 (47.8)
Total response infant ethnicity 2, n (%)

Maori 131 (100) 38 (46.3) 0

Pacific Island 38 (29.0) 82 (100) 0

New Zealand European 99 (75.6) 45 (54.9) 372 (82.7)
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Table 1. Cont.

Total Response Ethnicity

Maori Pacific Others

Southeast Asian 0 0 28 (6.2)

East Asian <5(-)f <5(-)f 40 (8.9)

South Asian <5()f <5()f 25 (5.6)

Other European 6 (4.6) 7 (8.5) 49 (10.9)

Others <5 () f 0 18 (4.0)
Term infant born ®, 1 (%)

Pre-term (<37 weeks) 13 (9.9) 8 (9.8) 29 (6.4)

Term (>37 weeks) 118 (91.1) 73 (89.0) 421 (93.6)
Respondent age (years), mean (SD) 30.1 (5.5) 30.3 (6.0) 33.5(4.3)
Highest level of education of caregiver, 1 (%)

School 34 (26.0) 23 (28.1) 48 (10.7)

Polytechnic or similar 48 (36.6) 21 (25.6) 69 (15.3)

University 48 (36.6) 37 (45.1) 333 (74.0)
Caregiver, n (%)

Mother 130 (99.2) 80 (97.6) 445 (98.9)
Maternal parity, n (%)

Primiparous 54 (41.2) 39 (46.3) 229 (50.9)
Respondent employment status, # (%)

Employed full time 17 (13.0) 6(7.3) 52 (11.6)

Employed part time 32 (24.4) 14 (17.1) 96 (21.3)

Other © 82 (62.6) 62 (75.6) 302 (67.1)
Number of children living in household, # (%)

One 47 (35.9) 28 (34.2) 223 (49.6)

Two 43 (32.8) 28 (34.2) 142 (31.6)

Three 21 (16.0) 11 (13.4) 67 (14.9)

Four or more 20 (15.3) 15 (18.3) 17 (3.8)
Number of adults living in household, n (%)

One 11 (8.4) <5 () f 13 (2.9)

Two 92 (70.2) 47 (57.3) 399 (88.7)

Three 14 (10.7) 14 (17.1) 19 (4.2)

Four or more 14 (10.7) 17 (20.7) 19 (4.2)
Childcare used 4, 1 (%) 27 (20.6) 16 (19.5) 76 (16.9)
Area-level socioeconomic deprivation €, 1 (%)

1-3 (Low) 27 (20.6) 14 (17.1) 144 (32.0)

4-7 52 (39.7) 35 (42.7) 214 (47.6)

8-10 (High) 52 (39.7) 33 (40.2) 92 (20.4)

2 Ethnicity is reported as total response and is self-identified by the caregiver and is greater than 100 due to many
participants identifying as more than one ethnicity. ® Gestational age-data missing for one Pacific participant; level
of education—data missing for one Maori and one Pacific participant; no. of children living in household—data
missing for one non-Maori/Pacific participant. ¢ “Other” value includes not employed, paid and un-paid parental
leave. 4 “Childcare” refers to formal early childhood education or home-based care, but not a nanny or childcare
provided by an extended family member/friend. ¢ Socioeconomic deprivation level defined using the New
Zealand Deprivation (NZDep) indices of 2018 [18]. NZDep index is area based, uses NZ census variables, and is
calculated for meshblocks (geographic units containing ~100 people). “Low” refers to levels 1-3, “High” refers to
levels 8-10. f Cells with counts <5 have been suppressed to protect participant confidentiality.

Complementary infant feeding practices are presented in Table 2. The mean (SD) age
when complementary foods were introduced was 4.9 (1.1) months for both Maori and
Pacific groups, and 5.3 (0.8) months for others. The prevalence of full BLW increased with
age across all groups and was lowest amongst Pacific infants, with an overall prevalence of
full BLW at the age of participation of 26.7% (95% CI: 23.3, 30.4). Most infants had a first
food with a puréed texture (Maori: 78.5%; Pacific: 81.7%; other: 81.1%). More than half of
all infants consumed red meat at around six months of age (Maori: 54.6%; Pacific: 63.4%;
other: 61.8%), and approximately half consumed iron-fortified baby rice at the same age
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(Maori: 57.3%; Pacific 56.1%; other: 48.7%). When asked about traditional cultural foods or
practices, six Pacific caregivers described using “ma ma” (pre-mastication) to modify the
texture and temperature of the infant’s food. Two Pacific and two Maori caregivers reported
using a hangi or umu (underground oven) to cook food. The most common traditional
food reported was taro, followed by taro leaves.

Table 2. Infant complementary feeding practices by ethnicity (1 = 625).

Maori Pacific Others
n 131 82 450
Age complementary foods introduced, mean (SD) months 49 (1.1) 49 (1.1) 5.3(0.8)
<4 months, 1 (%) 9 (6.9) 8(9.8) <5(-)
4.0-<5 months, 1 (%) 44 (33.6) 20 (24.4) 75 (16.7)
5.0-<7 months, n (%) 74 (56.5) 51 (62.2) 364 (80.9)
>7 months, n (%) <5(-) <5(-) 8 (1.8)
Complementary feeding approach when first introduced to
solids, n (%)
Baby-led weaning 15 (11.5) <5(-) 56 (12.4)
Partial baby-led weaning 5 (3.8) <5(-) 18 (4.0)
Traditional spoon-feeding 111 (84.7) 78 (95.1) 376 (83.3)
Complementary feeding approach at 6 months, n (%)
Baby-led weaning 18 (13.7) 5(6.1) 61 (13.6)
Partial baby-led weaning 22 (16.8) 5(6.1) 44 (9.8)
Traditional spoon-feeding 91 (69.5) 72 (87.8) 345 (76.7)
Current complementary feeding approach, n (%)
Baby-led weaning 38 (29.2) 14 (17.1) 123 (27.3)
Partial baby-led weaning 32 (24.6) 21 (25.6) 109 (24.2)
Traditional spoon-feeding 60 (46.2) 47 (57.3) 218 (48.4)
Ever used baby-led weaning
Don’t know what it is 27 (20.8) 22 (26.8) 30 (6.7)
Yes, all or most of the time 23 (17.7) 10 (12.2) 80 (17.8)
Yes, some of the time 50 (38.5) 29 (35.4) 206 (45.8)
Yes, tried it but stopped 9(6.9) <5(-) 22 (4.9)
No 21 (16.2) 17 (20.7) 112 (24.9)
Texture of first food, n (%)
Puréed 102 (78.5) 67 (81.7) 365 (81.1)
Mashed 10 (7.7) 11 (13.4) 31 (6.9)
Chopped 0 0 <5(-)
Finger food 17 (13.1) <5(-) 44 (9.8)
Other <5(-) <5 (-) 9 (2.0)
Baby rice consumed at ~6 months of age, 1 (%)
Yes 75 (57.3) 46 (56.1) 219 (48.7)
No, offered but baby refused 12 (9.2) 12 (14.6) 47 (10.4)
No, I don’t agree with it 18 (13.7) 8(9.8) 96 (21.3)
No, I don't think it’s safe <5(-) <5(-) 9 (2.0)
No, my baby hadn’t started solids <5(-) <5(-) <5(-)
No, another reason 22 (16.8) 11 (13.4) 76 (16.9)
Frequency of baby rice consumption, 1 (%)
Never 56 (42.8) 36 (43.9) 231 (51.3)
Infrequently (<4 times per month) 5(3.8) <5(-) 17 (3.8)
Sometimes (14 times per week) 25 (19.1) 16 (19.5) 73 (16.2)
Frequently (5+ times per week) 45 (34.4) 29 (35.4) 129 (28.7)
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Table 2. Cont.
Maori Pacific Others
n 131 82 450
Red meat consumed at ~6 months of age, 1 (%)
Yes 71 (54.6) 52 (63.4) 278 (61.8)
No, offered but baby refused 9(6.9) <5(-) 23 (5.1)
No, I don’t agree with it 6 (4.6) <5(-) 25 (5.6)
No, I don’t think it’s safe 11 (8.5) 8 (9.8) 32(7.1)
No, my baby hadn’t started solids 7 (5.4) <5(-) 17 (3.8)
No, another reason 26 (20.0) 13 (15.9) 75 (16.7)
Frequency of red meat consumption, n (%)
Never 60 (45.8) 30 (36.6) 172 (38.2)
Infrequently (<4 times per month) 7 (5.3) 6 (7.3) 28 (6.2)
Sometimes (14 times per week) 49 (37.4) 32 (39.0) 182 (40.4)
Frequently (5+ times per week) 15 (11.5) 14 (17.1) 68 (15.1)
Other drinks currently offered
Cow’s milk, soy milk, or other milk alternative 7 (5.3) <5(-) <5(-)
Tea <5(-) 0 0
Fruit juices/drinks 13 (9.9) 13 (15.9) 14 (3.1)
Coconut water <5(-) <5(-) 0
First food offered, n (%)
Baby rice 30 (23.1) 24 (29.3) 84 (18.7)
Fruit 37 (28.5) 20 (24.4) 98 (21.8)
Vegetables 50 (38.5) 29 (35.4) 234 (52.0)
Bread/cereals <5(-) <5(-) 13 (2.9)
Other 8 (6.15) 6(7.3) 8 (1.8)
Meat <5(-) <5(-) 13 (2.9)
Traditional foods or practioces used when starting 12 9.2) 16 (19.5) 26 (5.8)
complementary foods, 1 (%) yes
Traditional or cultural foods are currently given to baby, 12 (9.2) 17 (20.7) 23 (5.1)

n (%) yes

Cells with counts <5 have been suppressed to protect participant confidentiality.

Most infants (78.7% (95% CI: 75.3, 81.9)) were reported to have consumed food from a
pouch at least once, with an increasing prevalence of pouch use between the introduction
to complementary foods and six months of age. Figure 1 shows the frequency of pouch
use by ethnicity at the time of starting complementary foods, at six months of age, and
currently. The data within the figure illustrate that pouch use increases with age and is
shown as a percentage, with full data reported in Supplementary Table S1.

Figure 2 shows the way by which pouches were fed at the time of starting complemen-
tary foods, at six months of age, and currently. An increasing proportion of infants from all
three groups were fed directly from the nozzle over time, with the percentage shown in the
figure and full data shown in Supplementary Table S1.

Figure 3 illustrates the frequency of pouch use stratified by whether the infant was fed
using a spoon or the pouch nozzle. Among those who ‘frequently” used pouches, 64.9%
(n = 37) of Maori, 72.5% (n = 29) of Pacific, and 77.0% (n = 77) of other infants either always
or mostly fed from a spoon. This proportion tended to be higher among those who used
pouches ‘sometimes’ (75.0%, n = 24 Maori; 76.9%, n = 10 Pacific; 82.6%, n = 95 other) and

‘infrequently’ (88.5%, n = 23 Maori; 64.7%, n = 11 Pacific; 75.7%, n = 78 other). Proportional

data can be seen in Supplementary Tables 52-54, showing that 12.2% (16/131) of all
Maori infants currently consumed pouches frequently and mostly or always consumed
them through the nozzle, 12.2% (10/82) of all Pacific infants, and 2.6% (12/450) of all
other infants.
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Figure 1. Frequency of pouch use by ethnicity when starting complementary foods, at 6 months of
age, and currently (Maori: n = 131, Pacific: n = 82, other: n = 450). ‘Infrequently”: <4 times per month;

‘Sometimes”: 14 times per week; ‘Frequently’: 5+ times per week. Maori: n = 131; Pacific: n = 82;
‘other”: n = 450. Abbreviations: CF: complementary foods.
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Figure 2. How pouches were fed by ethnicity when starting complementary foods (Maori: n = 34,
Pacific: n = 18, other: n = 58), at 6 months (Maori: n = 85, Pacific: n = 48, other: n = 192), and at

the current age (Maori: n = 117, Pacific: n = 70, other: n = 338). Category of how pouches fed were
self-selected by the caregiver. Abbreviations: CF: complementary foods.
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Figure 3. Frequency of infant pouch use stratified by whether they were fed using a spoon or the
pouch nozzle. ‘Infrequent” pouch use: Maori: n = 26, Pacific: n = 17, other: n = 103; ‘Sometimes’ pouch
use: Maori: n = 32, Pacific: n = 13, other: n = 115; ‘Frequent’ pouch use: Maori: n = 57, Pacific: n = 40,
other: n = 100; ‘Infrequently’: <4 times per month; ‘Sometimes”: 1-4 times per week; ‘Frequently”:
5+ times per week.
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4. Discussion

The changing landscape of complementary feeding practices stands to have both
positive and negative effects on child growth and development. Given that Maori and
Pacific infants bear the greatest burden of inequitable health outcomes related to nutri-
tion in NZ [22,23], it is important that research considers the equity impacts of changing
feeding practices.

Although the majority of infants were introduced to complementary food after
five months of age, early introduction was more common among Maori and Pacific infants.
The prevalence of full BLW varied by ethnicity, with Maori and other infants showing
similar rates. These rates were higher than those observed among Pacific infants, among
whom “traditional” spoon-feeding most common. The proportion of infants feeding di-
rectly from the nozzle increased from the time complementary foods were first introduced
to the time of the survey, likely reflecting the widespread availability of commercial food
packaged in pouches with nozzles and the infant’s increasing dexterity with age. Overall,
more than half of infants consumed either red meat or iron-fortified baby rice at the age
of six months, aligning with the Ministry of Health NZ guidance to offer iron-rich foods
as first foods [2]. Maori and ‘other” infants were more likely to consume red meat at six
months compared to Pacific infants. Conversely, a higher proportion of Maori and Pacific
infants consumed iron-fortified baby rice at this age than ‘other” infants. The prevalence
with which drinks other than infant formula, breast milk, or water were offered was low.
The first food offered was predominantly vegetables among all ethnicities. There was
limited reporting of culturally specific foods and practices, which may reflect that everyday
feeding practices are not necessarily articulated by caregivers as explicitly cultural when
they form part of normal family life.

4.1. Timing of Introduction to Complementary Foods

The WHO recommends that complementary foods are introduced when infants are
around six months of age [1], advice echoed by the Ministry of Health NZ [2]. Late
introduction is associated with increased risks of food allergies, faltering growth [24,25],
iron deficiency anaemia [26], poor food acceptance [27], and later development of oral motor
skills [28]. Early introduction is associated with increased iron deficiency, gastrointestinal
infections [24,29,30], and respiratory illnesses [31]. Infants across all ethnicities in the
present study were represented among those who were introduced to solid foods earlier
than recommended. Although the mean age of complementary feeding introduction was
approximately 5 months, age was reported in completed months, and infants classified as
“5 months” may have been closer to 6 months of age. Therefore, while early introduction
appears common, precise timing relative to the “around six months” recommendation
cannot be determined. However, when age at introduction was examined using categorical
cut-offs, rates of early introduction were moderate for Maori and Pacific infants and rates
of late introduction were low (<4%). Comparison to other studies is challenging due to
differing cutoffs used to define non-timely food introduction. The Growing Up in New
Zealand study investigated the early introduction of complementary foods by ethnicity in
a cohort of 5725 infants born between 2007 and 2010, and found that 57% of Maori, 46% of
Pacific, and 36% of other infants started complementary foods at <4 months [32]. Grant
et al. (2007) [33] documented the time of food introduction in an ethnically diverse cohort
(n = 318) and found that 21% introduced complementary foods between birth and three
months of age, 54% between five and six months of age, and 24% at six months or older. The
findings from the present study suggest that the practice of early introduction (<5 months)
is diminishing (41% of Maori infants, 34% of Pacific infants, and 17% of other infants),
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but it is still concerning, particularly in light of the higher burden of gastrointestinal and
respiratory tract illnesses reported for Maori and Pacific infants [31,33-37].

4.2. Baby-Led Weaning Prevalence

The majority of caregivers among all ethnicities had tried full BLW at least once, but
it is not known whether this was a purposeful decision or reflects natural developmental
progression without explicit intention. The prevalence of full BLW was measured at three
different time points: when initiating complementary feeding, at six months of age, and
currently (7-10 months). Infants were most likely to be baby-led weaned at the “current”
time point. Infant feeding guidelines recommend the introduction of finger foods between
seven and nine months of age; however, because full BLW was defined by the degree to
which the infant was self-feeding, it is not clear whether the increased prevalence of full
BLW at the ‘current’ time point is due to natural developmental progression or a specific
intention by the parent to use full BLW. The rate of full BLW at around six months of age
may be a better indicator of the true proportion, as it is probable that a greater proportion
of infants naturally have finger foods and self-feed between seven and ten months than at
six months. This study found that at six months of age, 13.7% of Maori, 6.1% of Pacific, and
13.6% of other infants were classified as being fully baby-led weaned. This suggests there
is a low prevalence of full BLW in all ethnic groups, and although these findings may not
be generalisable to the general population, it is a large cohort with diverse socio-economic
and ethnic backgrounds.

While this study provides some insight into the prevalence of full BLW in NZ, these
data must be interpreted with caution due to a self-selected sample from two urban centres.
Full BLW was not referred to during the recruitment stages to help reduce bias. However,
it is possible that caregivers who take part in an infant nutrition study have an interest
in this area and therefore may be more likely to be aware of and possibly use practices
such as full BLW. This may result in overrepresentation in our findings. Two earlier studies
of NZ infants have reported both lower [13] and higher [14] rates of full BLW than the
current study (13.7% for Maori, 6.1% for Pacific, 13.6% for other). Cameron et al. (2013) [13]
conducted a small study (1 = 199) that surveyed BLW practices at 67 months of age,
finding that 8% of the sample used strict BLW. A second online survey in 2018 (n = 876)
by Fu et al. (2018) [14] also assessed BLW use at 67 months and reported that 18% of the
sample used strict BLW. However, all three studies are subject to self-selection bias with the
sampling method, and the latter study had an average infant age of 17 months, introducing
the potential for recall bias.

4.3. Baby Food Pouch Use

Baby food pouches are relatively new to the market but have rapidly become the
predominant form of packaging for commercial infant foods. Studies investigating the
prevalence of baby food pouch use are scarce, and few have investigated whether infants
are fed directly from the pouch or via spoon. In this study, baby food pouches featured
in infant feeding across all ethnic groups, with “frequent” or “sometimes” current use
reported for 67.9% of Maori infants, 64.7% of Pacific infants, and 48% of other infants.
Among infants who currently used pouches frequently (>5 times per week), 28.1% of
Maori (16/57) and 25.0% of Pacific (10/40) infants were mostly or always fed directly from
the nozzle. This method of feeding was also used by 12.0% of other frequent users (12/100).
However, this combination of frequent pouch use and predominantly feeding directly
from the nozzle remained a minority behaviour for participants overall. The prevalence
was 12.2% among Maori infants (16/131), 12.2% among Pacific infants (10/82), and 2.7%
(12/450) among other infants. Expert groups have advised against sucking food directly
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from pouches due to concerns around potential detrimental impacts to dental health as
well as nutrient and energy intake [11,38]. Pouches in NZ are higher in total sugars than
equivalent commercial infant foods in other forms of packaging, with more than three
times as much total sugars in pouches than in equivalent non-pouch foods, largely because
of their use of sweet fruits and vegetables [8]. The higher total sugars and acid content of
fruit pouches in particular could be expected to increase the risk of developing dental caries.
This risk may be exacerbated when the product is sucked directly from the pouch nozzle,
as infant teeth are bathed in the food for a longer period of time compared to spoon feeding
or eating finger food [11]. Research is urgently needed on the extent to which pouch use is
associated with poorer dental health outcomes. An increased total sugar intake may also
decrease dietary diversity, prevent adequate nutrient intake through the displacement of
other nutrients, and can be associated with increased risk in later life of type 2 diabetes
mellitus and cardiovascular disease [39-41]. Infants also have an innate preference for
sweet tastes and the increased exposure may reinforce this preference long term [41].

Iron is another nutrient of concern with pouch use. A 2021 survey of pouches in NZ
revealed that none were fortified with iron, containing a median of just 0.3 mg/100 g [8].
Dry infant cereal in NZ has mandatory minimum requirements for iron fortification of
20 mg/100 g [42]; however, as pouch foods are in wet form, they are exempt from these
requirements. Additionally, meat-based pouches contain little meat, with an average of just
5-10% even when the pouch label has beef, lamb, or pork in the title [8]. This presents a
particular concern given that the majority of Maori and Pacific infants consume pouches
“frequently” or “sometimes” and, historically, are suggested to have higher rates of iron
deficiency and iron deficiency anaemia [33,43-47]. However, recent findings from the FFNZ
study reported no association between frequent pouch use or full BLW and iron status in
infants, after adjusting for confounding factors [48]. Notably, there was a 23% prevalence
of suboptimal iron status in the sample reported by McLean et al. (2024) [48], even though
more than half of the infants had consumed red meat or iron-fortified baby rice by six
months of age—both key dietary sources of iron. However, data were not collected on the
amount, frequency, or duration of consumption of these iron-rich foods.

Caregiver attitudes towards iron-fortified foods may influence infant feeding practices.
For example, 21.3% of caregivers in the ‘other’ ethnicity group reported disagreement
with the use of iron-fortified baby rice cereal at six months, compared with only 3.7% of
Pacific caregivers and 0.8% of Maori caregivers. While reasons for this were not explored
in the current study, caregiver beliefs may be influenced by messaging from popular
parenting literature and online communities. For example, Bhosale (2017), a NZ-based
author, discourages the use of baby rice and promotes “whole, minimally processed” foods
as first solids [49]. Such perspectives may resonate more with some demographic groups
and, if followed without adequate replacement of iron-rich foods, may have negative
impacts on infant iron intake and status.

In addition to nutrient composition, concerns have been raised about the potential im-
pact of frequent pouch use on texture exposure and oral motor development [50]. Frequent
consumption of smooth purées may limit opportunities for progression to lumpier textures
and finger foods that support the development of chewing skills [28]. These concerns are
most relevant where puréed foods substantially displace other complementary foods [50].
In the present study, although pouch use was common, patterns of use suggest that pouches
were generally used alongside other foods rather than as the sole or predominant form
of feeding.

In response to concerns around the nutritional quality of commercial infant foods in
general (not just pouches), the Food Regulation Standing Committee is seeking to improve
the nutritional composition, labelling, and texture of commercial foods through regulation,
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with public consultation closing in late 2024 [51], aiming to more closely align infants” diets
with the New Zealand and Australian feeding guidelines.

From a cultural perspective, traditional Maori infant feeding practices emphasise
responsive feeding, shared family meals and the use of self-grown, natural whole foods,
which foster a strong connection to Te Ao Maori (the Maori world) [3]. Similarly, in
Pacific cultures, food plays a central role in togetherness, health, and tradition, with infants
typically eating alongside their aiga or famili (family) as part of communal meals [52]. These
approaches encourage social bonding, food exploration, and the development of eating
skills through interaction with caregivers. Pouch feeding may not always align with these
traditional practices, particularly when infants self-feed directly from the nozzle, which
may reduce opportunities for responsive interactions and shared mealtimes. However, it
is likely that many parents use pouches in a way that complements rather than replaces
traditional feeding methods—offering pouches as a convenient alternative to home-made
purées. For working parents or families with limited access to fresh vegetables, cooking
equipment or time, pouches can provide a practical and affordable way to meet some of
the nutrient requirements for their infants while still incorporating elements of cultural
food traditions. However, it is important that pouches only form part of the diet, for the
reasons outlined above. Rather than replacing traditional practices, pouch feeding can
be integrated into a balanced approach that supports both cultural values and modern
family needs.

It is also important to recognise that baby food pouches have become a common part
of infant feeding, reflecting a genuine need and alignment with the lived realities of many
families. While concerns exist regarding the lower iron and higher sugar levels in many
commercial pouches, these products may represent a convenient and cost-effective option
that is nutritionally preferable to discretionary fast foods intended for older children or
adults, especially for families with limited access to fresh food or cooking resources. Efforts
should therefore focus on mitigating the potential negative impacts of pouch use, such
as encouraging the use of iron-rich complementary foods alongside pouch feeding, and
advocating for improved product formulation, while appreciating the practical reasons
behind their popularity. Understanding the widespread popularity of pouches within
diverse communities is essential for developing culturally appropriate, practical, and
effective nutrition guidance that supports infant wellbeing.

4.4. Strengths and Limitations

This study has some limitations. First, the sample was self-selecting, which may
have introduced bias if caregivers with particular feeding interests were more likely to
participate. Although the study population was drawn from areas representing all areas
of socio-economic deprivation, most participants were based in two main urban centres,
limiting the generalisability of the findings to rural or more isolated communities. In
addition, full BLW was assessed based on the amount an infant self-fed between 7-10
months of age, without explicitly asking whether caregivers used a BLW approach. This
could lead to an overestimation of BLW prevalence, as this age range often coincides with
the natural introduction of finger foods. Due to the grouping of non-Maori and non-Pacific
infants into a heterogenous ‘others’ category, subgroup-specific inferences were not possible.
Finally, caregivers who were not proficient in English were excluded from the study, which
may have limited participation among some Pacific families.

Despite these limitations, the study has several strengths. It is the first to describe
complementary feeding practices among NZ infants by ethnicity, offering valuable insights
into cultural feeding differences. The large sample size and inclusion of a diverse range
of ethnic groups enhance the relevance of the findings to the broader NZ population.
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Furthermore, the recruitment material did not mention BLW or pouch use, helping to
reduce recruitment bias related to caregiver feeding preferences.

5. Conclusions

This study offers important insights into complementary feeding practices among
Maori, Pacific and other infants in NZ. Maori and Pacific infants in NZ experience health
inequities that intersect with complementary feeding practices. Many caregivers pro-
vided nutrient-dense first foods, such as vegetables, red meat and iron-fortified cereals;
however, areas of concern remain. By six months of age, over half of all infants were
consuming red meat. A similar proportion of Maori and Pacific infants were receiving
iron-fortified baby rice, though intake was slightly lower among ‘other” infants. While
more than half were consuming some iron-rich foods at this age, there remains room for
improvement across all groups. Early introduction to complementary food was also ob-
served among some Maori and Pacific infants. These patterns may increase the risk of iron
deficiency and growth deficits, underscoring the need for targeted support and culturally
appropriate interventions.

The common use of baby food pouches highlights their practicality for caregivers.
While the lower iron and higher sugar content of pouches has been noted, they can comple-
ment a balanced diet when combined with iron-rich and nutrient-dense non-pouch foods.
They also provide a more nutritious alternative to less healthful convenience foods. Provid-
ing caregivers with clear, evidence-based guidance on complementary feeding, including
the appropriate use of commercial infant foods, may support improved health outcomes.

It is essential to prioritise culturally grounded approaches that honour traditional
feeding practices and uphold the principles of the Treaty of Waitangi. This means working
in partnership with Maori and Pacific communities to design and deliver feeding guidance
and ensure equitable access to nutritious foods, including traditional cultural foods.
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