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Abstract

Although whole-fruit consumption is regarded as protective against type 2 diabetes (T2DM),
conventionally prepared fruit juice is associated with increased T2DM risk, and current public
health advice recommends its restriction. ‘Nutrient extractor’ style blenders are increasing in
popularity worldwide as an alternative means of juicing fruit, but little is known about their
effect on postprandial glucose levels. The current study investigated the effect of nutrient
extraction on postprandial blood glucose response and glycemic index (GI) compared with a
glucose control for both mixed fruit and a high GI fruit (mango). Remarkably, consumption of
nutrient-extracted mixed fruit resulted in a significant lowering of the GI (32.7±8.5) compared
with whole mixed fruit (66.2±8.2, P<0.05). For the high GI mango, there were no differences
between nutrient-extracted and whole fruit, indicating that even for a high GI fruit the effect of
nutrient extraction does not increase GI compared with the whole fruit. These findings suggest
that, in contrast to conventionally prepared fruit juice, fruit juice prepared by nutrient
extraction in some cases elicits a more favorable postprandial glycemic response than whole
fruit and even for high GI fruits do not worsen the response. The mechanism responsible for
this effect is currently unclear. However, these results suggest that fruit homogenized by
nutrient extraction should be considered as a potential dietetic strategy for glycemic control.

Introduction

Increased fruit consumption is associated with the lowering of risk from multiple chronic diseases;1and
public health campaigns worldwide consistently aim to promote awareness of the positive health effects of
fruit. However, current UK public health guidance, including from Diabetes UK and the NHS, recommends
limiting consumption of fruit juice to 150 ml per day. The rationale behind this advice is, in large part,

based on a >70 000 female nurse cohort study from the United States2 which when pooled with two other
studies showed an association of fruit juice consumption with increased risk of type 2 diabetes
(T2DM).3Consumption of whole fruit was not associated with T2DM risk but was actually associated with
lowered risk. The authors proposed that the increase in glycemic load and decrease in fiber per serving of
fruit juice compared with whole fruit may explain the increased risk of T2DM. However, fruit restriction in a
group of newly diagnosed type 2 diabetics had no impact on glycated hemoglobin, although both the
intervention and control groups were advised to exclude fruit juice entirely from their diets.4Furthermore,
two recent meta-analyses were not able to identify enough conclusive evidence to support an association
between fruit juice consumption and T2DM.5,6

The increasing popularity of ‘nutrient-extractor’ style blenders in the United Kingdom suggests that the
general public, as well as patients already exhibiting risk factors for T2DM, are consuming fruit in a new
way for which the health risks remain unclear. Unlike traditional juicers that remove the pulp leaving only
the juice, these blenders homogenize the whole fruit without removing fiber. Given the popularity of
nutrient extractors for fruit preparation, it is critical to understand the impact of this method of juicing fruit
on postprandial glycemic response in order to provide up to date public health guidance. The present study
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compared the postprandial glycemic response of fruit homogenized using a commercially available nutrient
extractor against whole fruit and a glucose control in healthy volunteers.

Subjects and methods

Participants were healthy student volunteers (mixed fruit arm, males n=7, females n=12, age 20–24
years; mango arm, males n=4, females n=5, age 20–27 years). Sample sizes were based on methods

described by Brouns and colleagues.7 All participants answered a health questionnaire, which included
questions regarding their present health status, medication use and medical history. Exclusion criteria
were body mass index >30 kg m−2, pregnancy, fruit allergy, known diabetes, glucose intolerance or insulin
resistance, use of medication known to interfere with glucose homeostasis or intestinal absorption. Written
informed consent was obtained from each participant, and the study was approved by the Research Ethics
Committee of the Faculty of Science and Engineering at the University of Plymouth.

Materials/processing
For each arm of the study, the two test meals: (i) whole fruit or (ii) nutrient-extracted fruit both contained
25 g total sugar per serving.8 For the mixed fruit arm, this consisted of the following: banana (25 g),
mango (25 g), passion fruit (50 g), pineapple (50 g), kiwi (50 g) and raspberries (50 g), while for the mango
arm it was mango alone (181 g). All fruits were washed, peeled and cut into bite-sized pieces. Nutrient-
extracted servings were processed in a 600 W, 20 000 r.p.m. blender (Nutribullet 600, Nutribullet LLC,
Pacoima, CA, USA) for 30 s with 125 ml water, transferred to a plastic cup, sealed and frozen. Whole-fruit
servings were transferred to a container and frozen. Test meals were transferred to a refrigerator the day
before test days and allowed to defrost overnight. Control meals for both arms were prepared on the
morning of testing and consisted of 25 g glucose dissolved in 125 ml water.

Experimental procedure
A crossover design was used for this study, so each participant served as their own control. Each
participant consumed each test meal, with a minimum 3-day washout period between test days.
Participants were required to fast for 12 h and to avoid alcohol, caffeine and vigorous exercise in the 24 h
preceding testing.

Participants arrived at the University of Plymouth’s Nutrition, Exercise and Health Laboratories on each
testing day at 0900 hours. Fasting glucose levels were obtained via a finger prick blood sample (Accu-
Check Advantage, Roche, Welwyn Garden City, UK), which has compared favorably with laboratory testing
in previous literature.9, 10 Testing was considered to begin at first oral contact with the test meal, which
was consumed steadily over a 15-min period, alongside 125 ml of water for the whole-fruit group.
Postprandial blood glucose levels were determined at 15, 30, 45, 60, 75, 90, 105 and 120 min for each
test meal, with each participant using the same glucometer throughout the study, which was calibrated
prior to study commencement according to the manufacturer’s instructions.

The glycemic index (GI) was calculated from the incremental area under the 2-h glucose response curve
for each test meal:11

The incremental area under the curve for each test meal was expressed as the percentage of the mean
area under the control curve for the same subject. These values were used to calculate GI values for each
test meal using methods described by Brouns et al.7

Statistical analysis
All statistical analyses were performed using the SPSS 23 Statistical Software (IBM Corp, Armonk, NY,
USA). A one-way repeated-measures analysis of variance was conducted to determine whether significant
differences existed in GI between test meals. Mauchly’s test of sphericity was non-significant, which
indicates that the assumption of sphericity was met. All data were presented as means±s.e. unless
otherwise stated, with the significance set at P 0.05.
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Results

Mixed fruit arm
The postprandial glucose responses after consumption of whole fruit, nutrient-extracted fruit and glucose
(control) are shown in Figure 1a. The glucose meal elicited the greatest rise above preprandial levels and
declined below preprandial levels, while whole fruit and nutrient-extracted fruit returned to preprandial
levels. Glucose and whole fruit peaked at 30 min, while nutrient-extracted fruit peaked later at 45 min, with
a slower rise and decline in blood glucose.

Figure 1.

Comparison of the incremental area under the curve values of blood glucose levels after ingestion of
the glucose control, whole fruit and nutrient-extracted fruit. (a) Mixed fruit; (b) Mango alone.

Full figure and legend (70K)

Figure 2a shows the GI of the three test meals as calculated from the incremental area under the curve.
The mean GI for nutrient-extracted fruit was significantly lower (32.7±8.5) than whole fruit
(66.2±8.2, P<0.05) and glucose control (100.0±10.7, P<0.05).

Figure 2.

Comparison of GI for each test meal. (a) Mixed fruit; (b) Mango alone *P<0.05 compared with
glucose control, §P<0.05 compared with the whole fruit.

Full figure and legend (56K)

Mango arm
The mean GI for whole mango (31.1±8.2) was not significantly different to that of nutrient-extracted
mango (37.6±8.2), P=1.00). Mean GI for both whole and nutrient-extracted mango were significantly
lower than glucose (100±16.9, P<0.05) (Figure 2b).

Discussion

Results from our study indicated that nutrient extraction of fruit has the potential to significantly lower its
GI. Notably, the effect of nutrient extraction resulted in a lowered GI response even than consumption of
the corresponding whole fruit, with whole fruit being associated with a medium GI between 55 and 69,
whereas the nutrient-extracted fruit juice had a low GI 55.11 Although the mango arm of our study did
not follow the same pattern, nutrient-extracted preparation of the mango juice did not adversely influence
GI compared with whole fruit, with both preparations exhibiting a low GI. These finding may have
important clinical implications for healthy people, as well as T2DM patients, who are currently following
recommendations to avoid fruit juice in the hope of improving glycemic control. Low GI diets have been
shown to improve body weight, glycemic control and glycated hemoglobin levels.12, 13Improvements in
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these risk factors can reduce the risk of developing T2DM and reduce the need for medication, improve
quality of life and reduce the risk of complications for those already living with T2DM.

Earlier findings of Elizondo-Montemayor et al.14 using high hydrostatic pressure showed that processing of
food can alter GI responses. Other studies have shown low GI fruit, but not fruit juice, to positively affect
glycemic control3, 4 and reduce the risk of developing T2DM. However, our current study is, to our
knowledge, the first to assess the effect of nutrient-extracted fruit on GI responses. The rationale behind
current public health advice to limit the consumption of fruit juice to 150 ml per day is based on the theory
that juicing releases intrinsic sugars from cells and removes insoluble fiber, which in turn increase
postprandial glucose response.15 In the case of nutrient-extractor-based homogenization, none of the fruit
is removed thus both insoluble and soluble fiber remain in solution. There are a number of possible models
by which nutrient extraction alters GI. For example, the presence of amylase in saliva may accelerate the
hydrolysis of starch during and after mastication for the whole-fruit group thus increasing the rate at
which glucose can be absorbed compared with the nutrient-extracted fruit. The precise mechanism by
which the nutrient extraction attenuates the postprandial response remains unclear and is an area of
ongoing research in the laboratory.

Glucometers were chosen as a convenient means to measure glycemic response to test meals in the
current study. The use of glucometers is one potential limitation of the study as this method of analysis
has been shown in some cases to provide an overestimate of blood glucose levels compared with other
methods.16, 17However, when correctly calibrated as in the present study, the level of overestimation can
be regarded as a constant and thereby viewed as a reliable means of monitoring individual variation in
blood glucose that is comparable with values obtained by perhaps more accurate methodologies.9, 10 Use
of medication known to affect glucose metabolism was an exclusion criterion; however, female participants
were not asked about their use of oral contraceptives, which we acknowledge may have influenced
glycemic response across the test period. However, the pattern of glycemic response was similar between
male and female participants, and GI was not significantly different between males and females for each
test meal (data not shown).

In summary, our present study demonstrates the potential of commercially available nutrient-extractor-
type blenders to reduce GI associated with consumption of fruit juice. Ongoing and future work is
examining the effects of nutrient extraction on postprandial responses of individual fruits and fruit
mixtures alongside nutritional analysis. However, this initial study identifies nutrient extraction as one
means by which fruit juice can be consumed within a dietetic strategy for glycemic control.

Notes

Publisher’s note:

Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional
affiliations.

Conflict of interest

The authors declare no conflict of interest.

References

1. Wang X, Ouyang Y, Liu J, Zhu M, Zhao G, Bao W et al. Fruit and vegetable consumption and
mortality from all causes, cardiovascular disease, and cancer: systematic review and dose-response
meta-analysis of prospective cohort studies. Br Med J 2014; 349: g4490. | Article |

2. Bazzano LA, Li TY, Joshipura KJ, Hu FB. Intake of fruit, vegetables, and fruit juices and risk of
diabetes in women. Diabetes Care 2008; 31: 1311–1317. | Article | PubMed | CAS |

3. Muraki I, Imamura F, Manson JE, Hu FB, Willett WC, van Dam RM et al. Fruit consumption and risk
of type 2 diabetes: results from three prospective longitudinal cohort studies. BMJ. Br Med
J2013; 347: f5001. | Article |

4. Christensen AS, Viggers L, Hasselström K, Gregersen S. Effect of fruit restriction on glycemic control
in patients with type 2 diabetes – a randomized trial. Nutr J2013; 12: 29. | Article | PubMed |

http://www.nature.com/nutd/journal/v7/n10/full/nutd201736a.html#top
http://www.nature.com/nutd/journal/v7/n10/full/nutd201736a.html#top
http://www.nature.com/nutd/journal/v7/n10/full/nutd201736a.html#top
http://www.nature.com/nutd/journal/v7/n10/full/nutd201736a.html#bib14
http://www.nature.com/nutd/journal/v7/n10/full/nutd201736a.html#bib3
http://www.nature.com/nutd/journal/v7/n10/full/nutd201736a.html#bib4
http://www.nature.com/nutd/journal/v7/n10/full/nutd201736a.html#bib15
http://www.nature.com/nutd/journal/v7/n10/full/nutd201736a.html#bib16
http://www.nature.com/nutd/journal/v7/n10/full/nutd201736a.html#bib17
http://www.nature.com/nutd/journal/v7/n10/full/nutd201736a.html#bib9
http://www.nature.com/nutd/journal/v7/n10/full/nutd201736a.html#bib10
http://dx.doi.org/10.1136/bmj.g4490
http://dx.doi.org/10.2337/dc08-0080
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?holding=npg&amp;cmd=Retrieve&amp;db=PubMed&amp;list_uids=18390796&amp;dopt=Abstract
http://chemport.cas.org/cgi-bin/sdcgi?APP=ftslink&action=reflink&origin=npg&version=1.0&coi=1:CAS:528:DC%2BD1cXpt1Wrs7w%3D&pissn={printIssn}&pyear=2017&md5=9b099040fe5faae1925795d04cc99b72
http://dx.doi.org/10.1136/bmj.f5001
http://dx.doi.org/10.1186/1475-2891-12-29
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?holding=npg&amp;cmd=Retrieve&amp;db=PubMed&amp;list_uids=23497350&amp;dopt=Abstract


20.10.2017 Nutrition & Diabetes - Nutrient-extraction blender preparation reduces postprandial glucose responses from fruit juice consumption

http://www.nature.com/nutd/journal/v7/n10/full/nutd201736a.html#Subjects-and-methods 5/5

Top

5. Wang B, Liu K, Mi M, Wang J. Effect of fruit juice on glucose control and insulin sensitivity in adults:
a meta-analysis of 12 randomized controlled trials. PLoS One 2014; 9: e95323. | Article | PubMed |

6. Imamura F, O'Connor L, Ye Z, Mursu J, Hayashino Y, Bhupathiraju SN et al. Consumption of sugar
sweetened beverages, artificially sweetened beverages, and fruit juice and incidence of type 2
diabetes: systematic review, meta-analysis, and estimation of population attributable fraction. Br
Med J 2015; 351: h3576. | Article |

7. Brouns F, Bjorck I, Frayn KN, Gibbs AL, Lang V, Slama G et al. Glycaemic index methodology. Nutr
Res Rev2005; 18: 145–171. | Article | PubMed | ISI | CAS |

8. Finglas PM, Roe MA, Pinchen HM, Berry R, Church SM, Dodhia SK et al. McCance & Widdowson’s The
Compsoition of Foods, Seventh Summary Edition. Royal Society of Chemistry: Cambridge, UK, 2015.

9. Boyd R, Leigh B, Stuart P. Capillary versus venous bedside blood glucose estimations. Emerg Med
J2005; 22: 177–179. | Article | PubMed |

10. Karon BS, Gandhi GY, Nuttall GA, Bryant SC, Schaff HV, McMahon MM et al. Accuracy of Roche Accu-
Chek inform whole blood capillary, arterial, and venous glucose values in patients receiving intensive
intravenous insulin therapy after cardiac surgery. Am J Clin Pathol 2007; 127: 919–
926. | Article | PubMed |

11. Jenkins DJ, Wolever TM, Taylor RH, Barker H, Fielden H, Baldwin JM et al. Glycemic index of foods: a
physiological basis for carbohydrate exchange. Am J Clin Nutr 1981; 34: 362–
366. | PubMed | ISI | CAS |

12. McMillan-Price J, Brand-Miller J. Low-glycaemic index diets and body weight regulation. Int J
Obesity 2006; 30: S40–S46. | Article |

13. Jenkins DJ, Kendall CW, Augustin LS, Mitchell S, Sahye-Pudaruth S, Blanco Mejia S et al. Effect of
legumes as part of a low glycemic index diet on glycemic control and cardiovascular risk factors in
type 2 diabetes mellitus: a randomized controlled trial. Arch Intern Med 2012; 172: 1653–
1660. | Article | PubMed | ISI |

14. Elizondo-Montemayor L, Hernandez-Brenes C, Ramos-Parra PA, Moreno-Sanchez D, Nieblas B,
Rosas-Perez AM et al. High hydrostatic pressure processing reduces the glycemic index of fresh
mango puree in healthy subjects. Food Funct 2015; 6: 1352–1360. | Article | PubMed |

15. Cummings JH, Stephen AM. Carbohydrate terminology and classification. Eur J Clin Nutr 2007; 61:
S5–S18. | Article | PubMed | CAS |

16. Freckmann G, Baumstark A, Jendrike N, Zschornack E, Kocher S, Tshiananga J et al. System
accuracy evaluation of 27 blood glucose monitoring systems according to DIN EN ISO
15197. Diabetes Technol Ther 2010; 12: 221–231. | Article | PubMed |

17. Ben Ameur K, Chioukh FZ, Bouanene I, Ghedira ES, Ben Hamida H, Bizid M et al. Fiabilité de la
mesure de la glycémie capillaire par rapport à la glycémie plasmatique chez le nouveau-né. Arch
Pédiatr 2016; 23: 908–912.

Acknowledgements

Author contributions

MJ and GR designed the study and KR, LP, VC and NS organized the data collection with assistance from
SoBHCS Student Team (Faouzi Benterkia, William Brown, Jessica Burns, Zoe Clarke, Laura Fryer, Jodie
Howson, Jacob Kelly, Lewis Knox, Dominic Kristy, Anna Longley, Daniel Peacock, Ella Whiteman, Hannah
Wilcox and Charlotte Wilson). KR collated the data and performed the statistical analyses and GR, MJ and
KR contributed equally to the interpretation of the results and manuscript writing.

This work is licensed under a Creative Commons Attribution 4.0 International License.
The images or other third party material in this article are included in the article’s
Creative Commons license, unless indicated otherwise in the credit line; if the material is
not included under the Creative Commons license, users will need to obtain permission
from the license holder to reproduce the material. To view a copy of this license,
visit http://creativecommons.org/licenses/by/4.0/.

http://www.nature.com/nutd/journal/v7/n10/full/nutd201736a.html#top
http://creativecommons.org/licenses/by/4.0/
http://dx.doi.org/10.1371/journal.pone.0095323
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?holding=npg&amp;cmd=Retrieve&amp;db=PubMed&amp;list_uids=24743260&amp;dopt=Abstract
http://dx.doi.org/10.1136/bmj.h3576
http://dx.doi.org/10.1079/NRR2005100
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?holding=npg&amp;cmd=Retrieve&amp;db=PubMed&amp;list_uids=19079901&amp;dopt=Abstract
http://links.isiglobalnet2.com/gateway/Gateway.cgi?&amp;GWVersion=2&amp;SrcAuth=Nature&amp;SrcApp=Nature&amp;DestLinkType=FullRecord&amp;KeyUT=000230176200011&amp;DestApp=WOS_CPL
http://chemport.cas.org/cgi-bin/sdcgi?APP=ftslink&action=reflink&origin=npg&version=1.0&coi=1:STN:280:DC%2BD1M%2FjtFSksA%3D%3D&pissn={printIssn}&pyear=2017&md5=a3d8ecf9601a8c7f223e8fa4ec2b67b8
http://dx.doi.org/10.1136/emj.2003.011619
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?holding=npg&amp;cmd=Retrieve&amp;db=PubMed&amp;list_uids=15735263&amp;dopt=Abstract
http://dx.doi.org/10.1309/6RFQCKAAJGKWB8M4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?holding=npg&amp;cmd=Retrieve&amp;db=PubMed&amp;list_uids=17509989&amp;dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?holding=npg&amp;cmd=Retrieve&amp;db=PubMed&amp;list_uids=6259925&amp;dopt=Abstract
http://links.isiglobalnet2.com/gateway/Gateway.cgi?&amp;GWVersion=2&amp;SrcAuth=Nature&amp;SrcApp=Nature&amp;DestLinkType=FullRecord&amp;KeyUT=A1981LH56600009&amp;DestApp=WOS_CPL
http://chemport.cas.org/cgi-bin/sdcgi?APP=ftslink&action=reflink&origin=npg&version=1.0&coi=1:STN:280:Bi6C2MjgsVU%3D&pissn={printIssn}&pyear=2017&md5=e01498c122f2ca119868e7ac5b58ac3a
http://dx.doi.org/10.1038/sj.ijo.0803491
http://dx.doi.org/10.1001/2013.jamainternmed.70
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?holding=npg&amp;cmd=Retrieve&amp;db=PubMed&amp;list_uids=23089999&amp;dopt=Abstract
http://links.isiglobalnet2.com/gateway/Gateway.cgi?&amp;GWVersion=2&amp;SrcAuth=Nature&amp;SrcApp=Nature&amp;DestLinkType=FullRecord&amp;KeyUT=000311513000010&amp;DestApp=WOS_CPL
http://dx.doi.org/10.1039/C4FO01005A
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?holding=npg&amp;cmd=Retrieve&amp;db=PubMed&amp;list_uids=25797308&amp;dopt=Abstract
http://www.nature.com/doifinder/10.1038/sj.ejcn.1602936
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?holding=npg&amp;cmd=Retrieve&amp;db=PubMed&amp;list_uids=17992187&amp;dopt=Abstract
http://chemport.cas.org/cgi-bin/sdcgi?APP=ftslink&action=reflink&origin=npg&version=1.0&coi=1:CAS:528:DC%2BD2sXht1OqsrvJ&pissn={printIssn}&pyear=2017&md5=84c3b67c9e1eda4f77258fb3b93319fb
http://dx.doi.org/10.1089/dia.2009.0128
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?holding=npg&amp;cmd=Retrieve&amp;db=PubMed&amp;list_uids=20151773&amp;dopt=Abstract
http://creativecommons.org/licenses/by/4.0/

