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Abstract: Powdered milk products for children (Growing Up Milk Powders or GUMPs)
containing added carbohydrates such as glucose and sucrose are now well established in
parts of Asia. We surveyed GUMPs in Malaysia and Indonesia to determine the content of
added carbohydrates. The ingredient lists and nutrition information panels were used to
calculate the percentage of declared carbohydrates contributed by added carbohydrates and
a subset of seven products was tested for their glycemic index (GI) and insulin responses in
healthy adults. The glycemic load for each product was calculated. In total, 58 products
(n = 24 in Malaysia and n = 34 in Indonesia) were surveyed. Added carbohydrate content
(excluding fibre) ranged from 0 to 21.5 g per serve. Milk powders without added sources
of carbohydrate had similar GI values to standard liquid whole milk. Products containing
maltodextrins, corn or glucose syrups increased the GI by more than 2-fold, and glycemic
load (GL) by 7-fold compared to milk powders with no added carbohydrates. Insulin
responses were significantly but not strongly correlated with glucose responses (r = 0.32,
p < 0.006). Children’s milk powders containing higher levels of added carbohydrate
ingredients elicit higher glucose and insulin responses than liquid or powdered whole milk.
Keywords: milk; carbohydrate; glycemia; insulinemia; glycemic index

Nutrients 2013, 5

24

1. Introduction
Milk and dairy products are staples of children’s diets in countries with a long tradition of dairying,
and increasingly in countries of Asia where dairying is still largely absent. In western countries, dairy
products are recommended as one of the 4–5 food groups in official dietary guidelines. Milk
contributes high quality protein and significant quantities of micronutrients, including calcium,
riboflavin, vitamin A and zinc. More recently milk is being used as a delivery vehicle for other
nutrients such as vitamin D and iron. In Asian countries, a new category of high value milk products
for children known as Growing Up Milk Powders (GUMPs) has become established in a short
timeframe [1]. They are perceived by health professionals and carers as a valuable supplement to
children’s diets to help ensure they obtain adequate nutrition, particularly if the diet is generally poor.
Unfortunately, there is a growing trend for manufacturers to incorporate additional carbohydrates
such as sucrose, maltodextrins and corn or glucose syrups. Some of these ingredients may be useful in
small amounts to increase palatability and encourage consumption of an otherwise bland food. But
many products contain high levels of added carbohydrates without detectable sweetness that dilute the
nutritional value of the milk. The additional calories and higher energy density may contribute to the
trend of increasing overweight and obesity among children in Asia [2]. Discretionary calories are also
more concerning if they have the capacity to stimulate excessive postprandial hyperglycaemia and
insulinemia. Postprandial glycaemia has dose-related harmful effects that increase the risk of obesity,
type 2 diabetes and coronary heart disease [3–5].
The current research was therefore undertaken to determine the extent to which additional carbohydrates
were being incorporated into GUMPs for children in two Asian countries (Malaysia and Indonesia),
and to assess the impact of a selection of these products on blood glucose and insulin responses. The
glycemic index (GI) and insulin index (II) were determined according to standardised protocols.
2. Experimental Section
A total of 58 GUMPs (24 from Malaysia and 34 from Indonesia) were surveyed for total and added
carbohydrate content. The ingredient lists and nutrition information panels were used to calculate the
percentage of declared carbohydrates coming from added sources of sugars and refined carbohydrate
ingredients, excluding dietary fiber ingredients (e.g., inulin). In Indonesia, but not Malaysia, the total
carbohydrate declaration on the Nutrition Information Panel generally includes fiber. The carbohydrate,
protein and fat content of standard full cream and non-fat milk powder were used for reference [6].
A sub-set of 7 products (Table 1) was selected to be representative of those available with a range
of added carbohydrate contents. They included GUMPs with no added carbohydrates and those with
high levels of mono- or disaccharides and/or maltodextrins (i.e., short chain glucose polymers).
Equivalent carbohydrate portions (25 g) were tested for their GI according to the International
Standards Organisation methodology [7]. All experimental procedures were conducted in accordance
with ethical research in human subjects, and the protocol was approved by the Human Research Ethics
Committee of the University of Sydney.
Subjects were recruited from the staff and student population of the University of Sydney. Eleven
healthy adults (mean ± SD, age 27.8 ± 4.4 years; BMI 22.2 ± 2.2 kg/m2) consumed each of the test
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products on separate occasions. Each was consumed as reconstituted milk powder prepared according
to the manufacturer’s instructions and containing 25 g of available carbohydrate per serving (Table 1).
Table 1. Energy and macronutrient composition of the foods tested per 25 g carbohydrate
portion, normal recommended serving size and carbohydrate content of normal serving size.
Product
1a
2b
3a
4b
5a
6b
7a
Liquid whole
cow’s milk c

152.1
176.0
296.7
166.5
179.7
163.5
186.4

Total
CHO 1
(g)
25.0
25.0
25.0
25.0
25.0
25.0
25.0

Added
CHO 1
(g)
15.3
13.0
0.0
14.2
13.5
11.5
13.8

1305.9

25.0

0.0

Energy
(kJ)

Fibre
(g)

Protein
(g)

0.8
0.0
1.4
1.7
1.3
1.0
1.3

4.3
5.9
15.7
5.8
8.1
6.7
7.0

Serve Size Normal CHO 1 per
Tested 2
Serve
Normal
3
Size (g) Serve 4 (g)
(g)
4.0
36
40
28.0
6.0
41
44
27.0
14.3
64
28
10.9
5.8
38
46
29.9
5.3
42
40
23.6
4.8
38
40
26.0
6.4
42
40
23.6

0.0

15.8

16.8

Fat
(g)

508 mL

250 mL

12.3

1

Carbohydrate; 2 Actual serving size per 25 g available carbohydrate portion; 3 Normal serving size
according to manufacturer as at May 2011; 4 Normal carbohydrate content of manufacturer’s serving; a
Country of origin is Malaysia; b Country of origin is Indonesia; c Country of origin is Australia.

Liquid whole cow’s milk was tested for comparison. The reference food, glucose (Glucodin® powder,
Boots Health Care Company, Sydney, Australia), was tested on three separate occasions. Each test was
completed on a separate morning with at least one day between sessions. On arrival at the metabolic
kitchen, two fasting capillary blood samples (approximately 0.8 mL) were taken within 5 min from
warmed fingers and collected into Eppendorf tubes containing heparin. The test food or reference food
was then consumed with an additional 250 mL of glass of water within 12 min. Further blood samples
were taken at 15, 30, 45, 60, 90 and 120 min. Blood samples were centrifuged and the plasma layer
collected and stored for glucose analysis on the same day or at −20 °C for insulin analysis within 1 month.
Each plasma sample was analysed in duplicate using a glucose hexokinase assay (Roche Diagnostic
Systems, Sydney, Australia) and an automated centrifugal spectrophotometric analyser (Roche/Hitachi
912, Boehringer Mannheim GmbH, Ingelheim am Rhein, Germany). Plasma glucose levels were
plotted against time to generate a curve from which the incremental area under the curve was calculated.
The GI and glycemic load (GL) for each product were calculated using the following equations:

Glycemic Index =

Incremental blood glucose area of test food
× 100
Incremental blood glucose area of glucose

Glycemic Load =

()

GI × carbohydrate per serving g
100

The insulin concentration in each plasma sample was analysed using a solid-phase antibody-coated
tube radioimmunoassay kit (Coat-A-Count® Insulin RIA kit, Diagnostic Products Corporation, Los
Angeles, CA, USA) with internal controls. The two fasting blood samples were averaged to provide
one baseline insulin concentration. The incremental area under the insulin response curves (iAUC)
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were calculaated accordding to the trapezoidal
w
t
method an
nd any area under the baseline (fa
fasting valuee)
w ignoredd. An insulin index (II)) value wass then calcu
was
ulated by diividing the iAUC for each
e
food by
b
thhe average iAUC for the
t referencce food andd multiplyin
ng by 100. The resultss were analysed using a
g
general
lineaar model (A
ANOVA) foor iAUC witth treatmen
nt or food annd time as ffixed factorss and subjecct
a a random
as
m factor. Ressults are exppressed as means
m
± SD or mean SE
EM ± SEM as indicated
d.
3 Results
3.
Supplemeentary Tablle S1 showss the range of added carbohydratee content inn the produccts surveyedd.
O average,, GUMPs contained
On
c
(m
mean ± SD
D) 59.6 ± 7.5
7 g/100 g total carboohydrates, ranging
r
from
m
3
38.9
to 71.0 g per 100 g.
g Added caarbohydratee content ran
nged from 0 to 42.8 g/100 g, or 0 to 21.5 g peer
s
serve
accordding to manuufacturer’s instructions
i
(mean ± SD
D: 11.0 ± 11.7 g/11.0 ± 6.2 g). Only 4 products
o the 58 prroducts (~77%) containned no addittional carbo
of
ohydrate. The
T most coommon source of addeed
c
carbohydrate
e was sucrrose or canne sugar, foollowed by glucose syyrup solids,, corn syrup
p solids annd
m
maltodextrin
ns (Supplem
mentary Tabble S1).
The increemental plaasma glucose responsee curves fo
or the test foods,
f
the rreference fo
ood (glucosse
s
solution)
andd regular fluuid milk aree shown in Figure 1A. One producct (Product 3) produced
d a markedlly
loower glycem
mic response similar to
t that of reegular milk.. Another product
p
(Prooduct 7) pro
oduced a latte
p
peak
responnse at 30 min
m from thee start of coonsumption
n but the maajority appeeared to peaak at a poinnt
b
between
15 and 30 miin. The GI values rangged from 23
3 ± 4 for Product
P
3, tto 68 ± 6 for
fo Product 7
(Figure 2). In
I pairwise comparisonns, the GI vaalue of Prod
duct 3 was significantly
s
y lower than
n Products 2,
2
4 and 6 (p < 0.001) annd Product 5 (p < 0.011). The calcculated GL for each prroduct ranged from 3 to
4,
t
1 (Figure 3).
18
3
Figuree 1. (A) Incrementaal changes in plasmaa glucose after
a
consuumption off 25 g
carbohhydrate porttions of 7 brrands of Grrowing Up Milk
M Powdeers compareed to the refference
food (glucose)
(
a
and
regular milk; (B) Incrementtal changess in plasmaa insulin to
o 25 g
carbohhydrate porttions of 7 brrands of Grrowing Up Milk
M Powdeers compareed to the refference
food (gglucose) annd regular milk.
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All products tested produced insulin response curves that paralleled the rise and fall in glucose
responses. On an individual subject basis, insulin AUC and glucose AUC were significantly but not
strongly correlated (r = 0.32, p = 0.006, n = 71). Overall, the lowest insulin response was seen for
Product 3 (Figure 2), although all insulin responses were relatively high compared with their
respective glycemic response.
4. Discussion
This survey of a popular, new category of dairy product in Asian markets (“growing up milk
powders” or GUMPs) revealed a wide range of added carbohydrate content. Among 58 products
marketed in Indonesia and Malaysia, over 90% contained at least some added carbohydrate, with the
highest being 43% by weight added carbohydrate. Only a minority (7%), all from the same
manufacturer, contained no additional carbohydrate. Glucose or corn syrup solids, maltodextrins,
sucrose, lactose and fructose were the most common additives. Because carbohydrates vary in their
potential to raise postprandial glycemia and insulinemia, we measured metabolic responses to
a selection of GUMPs, representing both the lowest and highest levels of added carbohydrate.
Our findings indicated that two of the seven products had GI values of 60–70, a range similar to
sugar-sweetened soft drinks, and 2-fold higher than the products without added carbohydrates. The
combination of relatively high GI score and high carbohydrate content per single serving (as directed
by manufacturer) meant that one product had a GL 7-fold higher than plain milk. Products without
added sources of carbohydrate had similar GI and insulin responses to standard liquid milk.
Our analysis of insulin responses to GUMPs indicated, as expected, that all GUMPS elicit
disproportionately higher insulin responses compared with their GI values. This observation is
consistent with findings for protein-rich foods and milk products in general [8–10]. Protein and some
amino acids stimulate the incretin axis (GIP, GLP-1) and insulin release from the beta-cells, and that
the combination of protein and carbohydrate together may be synergistic [11]. Cow’s milk is unique in
that it naturally contains a relatively high ratio of protein to carbohydrate (1:1.3) compared with other
foods. The proportions might be conducive to programmed anabolism in growing mammals. However,
additional carbohydrates dilute the protein fraction (reduce% energy as protein), an effect that might
reduce satiety [12] and encourage accretion of body fat mass rather than lean muscle mass [13].
Plain milk is a low GI/GL food with a composition that may be protective against the development
of insulin resistance and chronic disease [14]. However, Sharma et al. [15,16] recently reported that
higher intake of added sugars, including those in dairy foods and beverages, was significantly
associated with cardiovascular risk factors in overweight African-American children. There was no
association with the natural sugars in dairy products. In observational studies in adult populations,
diets containing higher quantities of refined sugars and refined starches have been associated with
higher risk of obesity and type 2 diabetes [5,17]. Both quantity and quality of carbohydrate are
relevant. Specifically, diets with a high GL (carbohydrate content per serving × GI/100) have been
linked with higher relative risk of chronic disease, including cardiovascular disease, diabetes, stroke
and some forms of cancer. In prospective studies in children and adolescents, higher total carbohydrate
intake and higher GL, have been linked to increased BMI and waist circumference [18], and poor
visual acuity [19]. Conversely, carbohydrates of high quality, such as fruit, vegetables and low fat
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dairy products generally have a low GI and play a role in lowering BMI and waist circumference. In
countries experiencing periods of rapid economic development such as those in South East Asia,
dietary changes similar to those seen in Western populations are observed along with changes in the
prevalence of overweight and nutrition-related diseases such as cardiovascular disease and type 2
diabetes [20].
A limitation of our study is that we tested young adults, but the resulting GI values are likely to
predict the magnitude and ranking of responses in young children. Randomized controlled trials in
children also provide evidence of a beneficial effect of lower dietary GL. The DioGenes study
undertaken in families with children aged 5–18 years, found an obesity-protective effect of a diet with
a low GI and high protein composition for prevention of weight regain after weight loss [21]. Others
have reported that children consuming a low GI or a low GL breakfast had either lower ratings of
hunger [22] or lower energy intake at a subsequent meal [23].
5. Conclusions
In conclusion, our study provides evidence that milk products targeted at very young children may
contain high levels of added carbohydrates that increase caloric density and contribute to higher
postprandial glycemia. In Asian countries where GUMPs now make up a considerable portion of the
diet of young children [1], there is the potential for the risks to outweigh the benefits if manufacturers
do not take a responsible approach in formulation.
Acknowledgments
Financial support for the study was provided to the University of Sydney by Fonterra Research
Centre, Palmerston North, New Zealand. The authors wish to thank Steve Haylock and Bing Soo for
technical assistance and the calculations of the product composition.
Conflict of Interest
Jennie Brand-Miller is a co-author of The New Glucose Revolution book series (Hodder and
Stoughton, London, UK; Marlowe and Co., New York, NY, USA; Hodder Headline, Sydney,
Australia; and elsewhere) and the director of a not-for-profit GI-based food endorsement program in
Australia. Jennie Brand-Miller received financial remuneration from Fonterra Research Centre for the
preparation of the manuscript. Fiona Atkinson manages the University of Sydney GI testing service.
Angela Rowan is an employee of Fonterra Research Centre.
References
1.
2.
3.

ACNielsen. Growing Up Milk Usage Study; ACNielsen: Kuala Lumpur, Malaysia, 2009.
De Onis, M.; Blössner, M.; Borghi, E. Global prevalence and trends of overweight and obesity
among preschool children. Am. J. Clin. Nutr. 2010, 92, 1257–1264.
Burger, K.; Beulens, J.; Boer, J.; Spijkerman, A.; van der A, D. Dietary glycemic load and
glycemic index and risk of coronary heart disease and stroke in dutch men and women: The
EPIC-MORGEN study. PLoS One 2011, 6, e25955.

Nutrients 2013, 5
4.

5.
6.
7.

8.
9.
10.

11.

12.
13.

14.

15.
16.
17.

18.
19.

30

Murakami, K.; Miyake, Y.; Sasaki, S.; Tanaka, K.; Arakawa, M. Dietary glycemic index and
glycemic load in relation to risk of overweight in japanese children and adolescents: The Ryukyus
child health study. Int. J. Obes. 2011, 35, 925–936.
Buyken, A.; Mitchell, P.; Ceriello, A.; Brand-Miller, J. Optimal dietary approaches for prevention
of type 2 diabetes: A lifecourse perspective. Diabetologia 2010, 53, 406–418.
The Concise New Zealand Food Composition Tables, 8th ed.; New Zealand Institute for Plant &
Food Research: Palmerston North, New Zealand, 2009.
International Standards Organisation. Food Products: Determination of the Glycaemic Index (GI)
and Recommendation for Food Classification; International Standards Organisation: Geneva,
Switzerland, 2010.
Nuttall, F.Q.; Gannon, M.C. Plasma glucose and insulin response to macronutrients in nondiabetic
and NIDDM subjects. Diabetes Care 1991, 14, 824–838.
Liljeberg-Elmståhl, H.; Björck, I. Milk as a supplement to mixed meals may elevate postprandial
insulinemia. Eur. J. Clin. Nutr. 2001, 55, 994–999.
Gunnerud, U.; Holst, J.; Ostman, E.; Bjorck, I. The glycemic, insulinemic and plasma amino acid
responses to equi-carbohydrate milk meals, a pilot-study of bovine and human milk. Nutr. J.
2012, 11, 83.
Nilsson, M.; Stenberg, M.; Frid, A.H.; Holst, J.J.; Björck, I.M. Glycemia and insulinemia in
healthy subjects after lactose-equivalent meals of milk and other food proteins: The role of plasma
amino acids and incretins. Am. J. Clin. Nutr. 2004, 80, 1246–1253.
Skov, A.; Toubro, S.; Ronn, B.; Holm, L.; Astrup, A. Randomised trial on protein vs carbohydrate
in ad libitum fat reduced diet for the treatment of obesity. Int J. Obesity 1999, 23, 528–536.
Larsen, T.M.; Dalskov, S.-M.; van Baak, M.; Jebb, S.A.; Papadaki, A.; Pfeiffer, A.F.H.;
Martinez, J.A.; Handjieva-Darlenska, T.; Kunesova, M.; Pihlsgard, M.; et al. Diets with high or
low protein content and glycemic index for weight-loss maintenance. N. Engl. J. Med. 2010, 363,
2102–2113.
Pereira, M.A.; Jacobs, D.; van Horn, L.; Slattery, M.; Kartashov, A.; Ludwig, D.S. Diary
consumption, obesity, and the insulin resistance syndrome in young adults. JAMA 2002, 287,
2081–2089.
Sharma, S.; Roberts, L.; Hudes, M.; Lustig, R.; Fleming, S. Macronutrient intakes and cardio
metabolic risk factors in high BMI African American children. Nutr. Metab. 2009, 6, 41.
Sharma, S.; Roberts, L.; Lustig, R.; Fleming, S. Carbohydrate intakes and cardiometabolic risk
factors in high BMI African American children. Nutr. Metab. 2010, 7, 10.
Liu, S.; Willett, W.; Manson, J.; Hu, F.; Rosner, B.; Colditz, G. Relation between changes in
intakes of dietary fiber and grain products and changes in weight and development of obesity
among middle-aged women. Am. J. Clin. Nutr. 2003, 78, 920–927.
Ebbeling, C.; Ludwig, D. Treating obesity in youth: Should dietary glycemic load be a
consideration? Adv. Pediatr. 2001, 48, 179–212.
Gopinath, B.; Flood, V.M.; Wang, J.J.; Smith, W.; Rochtchina, E.; Louie, J.C.; Wong, T.Y.;
Brand-Miller, J.; Mitchell, P. Carbohydrate nutrition is associated with changes in the retinal
vascular structure and branching pattern in children. Am. J. Clin. Nutr. 2012, 95, 1215–1222.

Nutrients 2013, 5

31

20. Zalilah, M.; Khor, G.; Mirnalini, K.; Norimah, A.; Ang, M. Dietary intake, physical activity and
energy expenditure of malaysian adolescents. Singapore Med. J. 2006, 47, 491–497.
21. Due, A.; Larsen, T.M.; Mu, H.; Hermansen, K.; Stender, S.; Astrup, A. Comparison of
3 ad libitum diets for weight-loss maintenance, risk of cardiovascular disease, and diabetes:
A 6-mo randomized, controlled trial. Am. J. Clin. Nutr. 2008, 88, 1232–1241.
22. Warren, J.; Henry, J.; Simonite, V. Low glycemic index breakfasts and reduced food intake in
preadolescent children. Pediatrics 2003, 112, 414–419.
23. Ludwig, D.; Majzoub, J.; Al-Zahrani, A.; Dallal, G.; Blanco, I.; Roberts, S. High glycemic index
foods, overeating, and obesity. Pediatrics 1999, 103, E26.
© 2013 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access article
distributed under the terms and conditions of the Creative Commons Attribution license
(http://creativecommons.org/licenses/by/3.0/).

