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Abstract

Consumption of high glycaemic index (GI) and glycaemic response (GR) food such as white rice has been implicated in the development of
type 2 diabetes. Previous studies have reported the ability of individual amino acids to reduce GR of carbohydrate-rich foods. Because of the
bitter flavour of amino acids, they have rarely been used to reduce GR. We now report the use of a palatable, preformed amino acid mixture in
the form of essence of chicken. In all, sixteen healthy male Chinese were served 68 or 136 ml amino acid mixture together with rice, or 15 or
30 min before consumption of white rice. Postprandial blood glucose and plasma insulin concentrations were measured at fasting and every
15 min after consumption of the meal until 60 min after the consumption of the white rice. Subsequent blood samples were taken at 30-min
intervals until 210 min. The co-ingestion of 68 ml of amino acid mixture with white rice produced the best results in reducing the peak blood
glucose and GR of white rice without increasing the insulinaemic response. It is postulated that amino acid mixtures prime f-cell insulin
secretion and peripheral tissue uptake of glucose. The use of ready-to-drink amino acid mixtures may be a useful strategy for lowering the

high-GI rice diets consumed in Asia.
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Asia remains the global epicentre for type 2 diabetes (T2D). A
recent survey indicated that in China, India and South East Asia
alone there are approximately 250 million people diagnosed
with T2D™. Tt has been proposed that for every diagnosed
diabetic there exists three to five undiagnosed diabetics™®.
The conventional strategy for the management of T2D remains
the use of drugs and insulin*. An emerging trend has been
the identification of food and food ingredients to modulate
glucose response; food has now become the new medi-
cine™” . Over a century ago, Lusk reported a close link
between protein intake and glucose metabolism™"'?. Subse-
quently, a series of studies pioneered by Gannon & Nuttall!"
reported the effects of individual amino acids on glucose
homoeostasis. In their earlier studies, these authors reported
marked increases in insulin response and glycaemic control to
individual amino acids; for example, isoleucine (Ile) and phe-
nylalanine (Phe) were the two amino acids that had the greatest
effect®!®_ Since these early observations, several researchers
have attempted to develop a cocktail of amino acids that will

facilitate glycaemic control?*”. However, because of the

bitter taste of free amino acids, their application has remained a
scientific curiosity?®!'?. Indeed, it has not been exploited as a
dietary component for managing glucose homeostasis. We now
report the use of a preformed amino acid that is readily avail-
able in the form of essence of chicken (EOC) to reduce the
glycaemic response (GR) of rice.

The amino acid mixture in EOC is produced by subjecting
chicken meat to cooking for several hours under high
temperature and high pressure. The resulting water extract is
concentrated and bottled. The solid content consists mainly of
low-molecular-weight proteins, peptides and amino acids.

The amino acid mixture in the form of EOC is presented in
Table 1, along with its variability.

The EOC has been used as a therapeutic food in much of Asia
for over a century'¥**?Y The special flavour of amino acid
mixtures is acceptable by many people living in Asia. The
consumption of amino acid mixtures is believed to promote
postpartum lactation in females and enhance immunity in
humans®". EOC has also been demonstrated to exert a series of
physiological responses, including improvement in immunity

Abbreviations: EOC, essence of chicken; GI, glycaemic index; GR, glycaemic response; IAUC, incremental AUC; IGI, insulinogenic index; IR, insulinaemic

response; T2D, type 2 diabetes.
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Table 1. Amino acid profile of essence of chicken determined by HPLC
(n3)*

Table 2. Dose and time of amino acid delivered in each treatment

Amino acid Time before consumption
Amino acids and peptidet Concentration (mg/100 g) SD Treatment numbers mixture (ml) of white rice (min)
Asp 486 2.08 T1 0 0
Thr 196 2.08 T2 63 0
Ser 205 0-00 T3 63 15
Gin 917 2.08 T4 63 30
Pro 473 137 T5 136 0
Gly 773 5-86 T6 136 15
Ala 493 351 T7 136 30
Val 210 265
lle 169 1.53
Leu 338 0-58
Tyr 102 0-00
Phe 156 058 ® 6 6 6 6 O o L 4 L 4 L 4 L 4 L 4
Lys 378 9-29 -30-15 0 15 30 45 60 75 90 105 120 135 150 165 180 195 210
His 169 2.08 A A A
Arg 581 3-61 C B A Time (min)
Cys 145 0-81 White rice
Met 119 2.08
Trp 20.8 0-67 Fig. 1. Protocol and schedule for treatment meal and blood sampling. A: 68 ml
Carnosinet 80 NA (T2) or 136 ml (T5); B: 68 ml (T3), 136 ml (T6); C: 68 ml (T4), 136 ml (T7). A,

* Covance (Asia) Pte Ltd.

t Results adapted from Li et al.?"

(132D EOC has also been shown to

(22)

and relief from stress
increase glucose tolerance and insulin sensitivity in rats
However, its role in GR and insulinaemic response (IR) has
never been studied or tested in humans.

The co-ingestion of protein with carbohydrate, such as
potato, white bread or glucose solutions, to reduce the GR has
been widely researched™#??_ White rice is the major staple
diet in most regions of Asia. White rice is also classified as a
high glycaemic index (GD food. GI may be described as the
ability for a defined portion of carbohydrate (50g) to raise
blood glucose over a period of 120 min®®. The increased
consumption of high-GI food has been implicated in the esca-
lating prevalence of T2D in Asia®*?”_ Interest has recently
focused on incorporating food and food ingredients to reduce
the GR of high-carbohydrate-rich food'%***”_ This study aims
to explore the effects of an amino acid mixture on GR and IR
when ingested with white rice. The dose and time-course
effects of amino acid mixtures were examined in order to
determine its optimal effect on GR and IR.

Methods
Subjects

The study was conducted at the Clinical Nutrition Research
Centre, A*Star, Singapore. In all, sixteen healthy Chinese male
participants with a BMI between 18 and 24-9 kg/m?, aged 21-50
years, with blood pressure <120/80 mmHg and fasting blood
glucose <6 mmol/l, were recruited. Physical activity levels were
quantified using the questionnaire of Baecke et al.®”. Those
partaking in competitive sports and endurance events were
excluded. A food acceptance questionnaire was used to eval-
uate the preference for consuming amino acid mixtures. Only
those who preferred the taste of EOC were included. Smokers,
subjects with genetic or metabolic diseases and those on pre-
scribed medication were excluded. The study was conducted

Ingestion of treatment meal; 4, blood sampling time point.

according to the ethical guidelines laid down by the Declaration
of Helsinki and initiated after formal approval by the Domain
Specific Review Board (DSRB) of the National Healthcare
Group. This study was registered with the DSRB, Singapore,
under registration number 2014/00366. All subjects gave
informed, written consent. The subjects were asked to restrict
their intake of alcohol and caffeine-containing drinks, as well as
to avoid intense physical activity on the evening preceding the
test day.

Study protocol

The subjects visited our laboratory on seven separate occasions.
They received in random order the following food mixtures:
(T1) white rice alone; (T2) white rice plus 68 ml of amino acid
mixture; (T3) 68 ml of amino acid mixture 15 min before rice
consumption; (T4) 68 ml of amino acid mixture 30 min before
rice consumption; (T5) white rice plus 136 ml of amino acid
mixture; (T6) 136 ml of amino acid mixture 15 min before rice
consumption; and (T7) 136 ml of amino acid mixture 30 min
before white rice consumption. Table 2 and Fig. 1 present a
schematic illustration of the protocol.

White rice (FairPrice Golden Royal dragon Thai Hom Mali
rice) was purchased from NTUC FairPrice and the amino acid
mixture was obtained from Cerebos. After receiving the treat-
ment, blood samples were taken every 15 min for the 1st hour
after consumption of white rice and then every 30 min until
210 min after consumption of rice. The procedure and protocol
are described in Fig. 1.

Participants were encouraged to keep their physical
activity to a minimum on the morning before the test. During
the testing session, they were discouraged from walking
briskly and were instructed to stay calm and seated. Access to a
computer, a reading area and television facilities were pro-
vided. Upon completion of the seven sessions, the participants
were debriefed and compensated for their
transportation cost.

time and
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Blood analysis

Blood glucose was measured by following the method descri-
bed by Brouns et al.®". Participants were encouraged to warm
their hand before a finger-prick to increase blood flow. Blood
was expressed by massaging the finger gently from the base
toward the tip to minimise plasma dilution. An aliquot of 5 pl
blood sample was collected using an Abbott SF® single-use
lancing device (Owen Mumford). Capillary blood glucose was
measured using calibrated HemoCue Glucose 201+ analysers
(HemoCue® Ltd). The capillary blood samples (300 u) were
collected into K,EDTA tubes (Becton, Dickinson and Company)
for insulin analysis. Blood samples were stored on ice and the
plasma was separated by centrifugation (10 min, 1000 g, 4°C)
(Sorvall™ ST 16 Centrifuge; Thermo Fisher Scientific Inc.). The
plasma was stored in microcentrifuge tubes at —80°C for future
analysis. Plasma insulin was determined on the immunoassay
analyzer Cobas e 411 (Roche Diagnostics GmbH)Gz’sS).

Statistics

GR and IR data were converted to ‘the change in GR’ and ‘the
change in IR’ values. These values were calculated by com-
puting the difference between the blood glucose and plasma
insulin concentration at a time point (=30, —15, 0, 15, 30, 45, 90,
120, 150, 180 and 210 min) from the mean baseline blood
glucose and plasma insulin concentrations (at 0 min), respec-
tively. The change in GR and IR represented the relative
increment in the GR and IR at any time point compared with
baseline values. They were used for all further analyses
including blood glucose response and plasma insulin response
curve construction, incremental AUC (IAUC) calculation, as well
as for statistical analysis. The total postprandial blood glucose
and plasma insulin responses were expressed as IAUC ignoring
the area beneath the baseline. Both IAUC were calculated
geometrically using the trapezoidal rule®"%.

Insulinogenic index (IGD), the ratio of the incremental insulin
concentration to the incremental glucose concentration in the
30 min sample, was used to assess the f-cell function®>7";
IGI was computed as follows:

Statistical analysis was conducted using the Statistical
Package for the Social Sciences version 16 (SPSS Inc.). Data and
figures were processed in a Microsoft Excel spreadsheet
(Microsoft Corporation). The glucose and insulin AUC, the
incremental change in GR and IR, preprandial glucose and
insulin concentration, incremental peak glucose and insulin
concentration, the difference between peak and nadir
concentration of glucose and insulin, as well as IGI values were
subjected to repeated-measures ANOVA. After demonstrating
significant heterogeneity, the least significant differences
between means were obtained by pairwise
comparisons. The criterion for significance was a two-tailed
P value <0-05. Pearson’s correlation analysis was used to
compare the association between IGI and glucose TAUC at
120 min.

individual

Results
Baseline characteristics of subjects

The baseline characteristics of the subjects are given in Table 3,
and the anthropometric data were within the normal ranges for
this population.

Peak blood glucose levels

Consumption of the amino acid mixture with rice reduced the
blood glucose level compared with consumption of white rice
alone. However, as indicated in Table 4, only co-ingestion of
68ml of amino acid mixture with rice reached statistical sig-
nificance (P < 0-05).

Glycaemic response

The co-ingestion of 68 or 136 ml of amino acid mixture with
white rice resulted in a dramatic decline in blood glucose levels.
The total IAUC for both 68 and 136 ml of amino acid mixture
was significantly lower than that for white rice (P<0-05);
however, there was no difference between the consumption of
either 68 or 136 ml of amino acid mixture (Fig. 2(a) and (b)).
When considering the time effects of amino acid mixtures, it
was evident that feeding 68 or 136 ml of amino acid mixture
15min before ingestion of white rice reduces the glucose
response (P < 0-05). However, there was no difference between
68 and 136 ml of amino acid mixture consumed 15 min before
the consumption of rice. Finally, it was only the ingestion of

Table 3. The baseline characteristics of subjects were age, height (ht),
weight (wt), BMI, waist circumference (WC) and fasting blood glucose (FBG)
(Averages with their standard deviations)

Age Ht Wt BMI wC FBG

(years) (m) (kg) (kg/m?) (cm) (mmol/l)
Average 24.7 1.72 63-6 215 75-4 4.61
SD 3-93 0-04 4.84 1.50 5-10 0-43

Table 4. Peak time and glucose concentration
(Mean values with their standard errors)

Peak glucose

Concentration (mmol/l)

Treatments Time (min) Mean SE

T 45 2.792 0-25
T2 30 2.23° 0-11
T3 30 2.02 0-23
T4 30 261 0-15
T5 30 2.28 0-22
T6 30 213 0-16
T7 45 219 0-29

(T1) white rice; white rice with amino acids (T2) 68 ml at 0 min, (T3) 68 ml at —15 min,
(T4) 68 ml at —30 min, (T5) 136 ml at 0 min, (T6) 136 ml at —15min and (T7) 136 mi
at —30 min.

@b Mean values within a column with unlike superscript letters were significantly
different (P<0-05).
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Fig. 2. (A) Mean changes in capillary blood glucose and (B) incremental AUC
(IAUC) glucose in healthy subjects (n 16) after consumption of the test meals. @,
T1; A, T2;[ ], T5. (A) *P°%®Values at the same time point and (B) bars with
unlike letters were significantly different (P < 0-05). (T1) White rice; white rice with
amino acids (T2) 68 ml at 0 min, (T3) 68 ml at —15 min, (T4) 68 ml at —30 min,
(T5) 136 ml at O min, (T6) 136 ml at —15min and (T7) 136 ml at —30 min.

136 ml of amino acid mixture at 30 min before consumption of
white rice that produced a reduction in GR.

Insulinaemic response

There were no differences in IR between co-ingestion of 68 ml and
that of 136 ml amino acid mixture with white rice when compared
with consumption of white rice alone (Fig. 3(a) and (b)). When
considering the time effects, 15 min before consumption of white
rice, only 68 ml of amino acid mixture demonstrated a reduction in
IR compared with white rice alone (P<0-05). At time 30 min
(T4 and T7), only the consumption of 136 ml of amino acid mix-
ture demonstrated a reduction in IR (T7) (P <0-05).

Insulinogenic index

The IGI at 30 min measures the ratio of insulin increment to
glucose increment shortly after a meal at 30 min®>~*”. The IGI
had been validated against the hyperinsulinaemic—euglycaemic
clamp and intravenous glucose tolerance studies for measure-
ment of f-cell function and insulin sensitivity in normal glucose-
tolerant and prediabetic subjects(35’37). The changes in IGI were
correlated to the changes in the f-cell function in both normal
glucose-tolerant and prediabetic individuals, which suggests it
to be a valid proxy indicator for f-cell function in healthy
individuals®>. In case-controlled studies on prediabetics and

Fig. 3. (A) Mean changes in plasma insulin and (B) incremental AUC (IAUC)
insulin in healthy subjects (n 16) after consumption of the test meals. @, T1;
A T2 ], T5. (A abedyalyes at the same time point with unlike letters were
significantly different (P<0-05). (T1) White rice; white rice with amino acids
(T2) 68 ml at 0 min, (T3) 68 ml at —15 min, (T4) 68 ml at —30 min, (T5) 136 ml at
0 min, (T6) 136 ml at —15min and (T7) 136 ml at —30 min.

400
350 e

300

IAUC glycaemic response (mmolx min/l)

100

IGI (units/mol)

Fig. 4. Incremental AUC (IAUC) glycaemic response at 120min v.
insulinogenic index (IGl). R? 0-22 (P<0-01).

diabetics, it was observed that such groups had reduced IGI
compared with normal glucose-tolerant subjects®> =7,

When the results from all IGI and GR were pooled from the
seven treatments, a statistical association was observed between
IGI and TAUC at 120 and 210 min (P<0-01). Increased IGI was
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found to be negatively correlated with the TUAC of blood glu-
cose at 120 min (Pearson’s correlation 7 —0-47; P<0-01) (Fig. 4).
This suggests that the mechanism of action of EOC on GR was
mediated by the ability of the amino acid mixture to influence
insulin secretion.

Discussion

The present study is the first to report a dose-response and
time-course effect of amino acid mixtures on its ability to lower
the GR of white rice in healthy Chinese males.

The GR can broadly be influenced by (a) the amount of
glucose absorbed into the circulatory system and (b) the
amount of glucose removed from the circulatory system within
a finite period of time®?3". Some of the major strategies to
lower GR are retardation of glucose absorption, inhibition of
carbohydrate digestion, reduction of gastric-transit time and use
of ingredients to provide a physical barrier to the absorption of
carbohydrates®*V. In contrast, ways to increase glucose
clearance include the stimulation of insulin secretion to facilitate
glucose uptake. In this study, no increase in insulin secretion
was observed®>*V_ It is therefore likely that amino acids reduce
GR through increased insulin sensitivity or delayed gastric
emptying. This speculation needs to be further investigated.

Ingestion of an amino acid mixture increases the IGI
compared with white rice alone (Table 5). However, the effect
was only statistically significant when the amino acid mixture
was co-ingested with white rice (P < 0-05), regardless of whether
68 or 136 ml of amino acid mixture was used. There was no
significant effect on IGI when the amino acid mixture was
consumed either 15 or 30 min before consumption of rice. The
IGI finding (Table 5) shows that the insulin response at 30 min
coincides with the lower peak glucose concentration (Table 4).
Drugs have been widely used to control rapid excursion and
decline in glucose in T2D to prevent disease complications®®3%.
Our observation that food-based amino acid mixtures could

Table 5. Peak insulin time and concentration, difference between incre-
mental peak and nadir insulinaemic response, and insulinogenic index
(IGI) of the plasma insulin in healthy subjects

(Mean values with their standard errors)

Incremental peak insulin Al (peak — nadir) IGI

Concentration Concentration

(uU/ml) (uU/ml) (U/mol)
Treatments Time (min) Mean SE Mean SE Mean se
T 30 4722 644  49.6° 668 182° 2.18
T2 30 59.3 748 604 881 276" 341
T3 30 45.4 756 505 921 239 4.40
T4 30 50-9 628 539 640 202 250
T5 30 72.4° 110  732% 111 32.0" 4.87
T6 30 47-0 6-09 544 794 225 277
T7 30 42.7 694 550 612 259 567

Peak time and glucose concentration. (T1) white rice; white rice with amino acids (T2)
68 ml at 0 min, (T3) 68 ml at —15 min, (T4) 68 ml at —30 min, (T5) 136 ml at 0 min,
(T6) 136 ml at —15min and (T7) 136 ml at —30 min.

abedef Mean values within a column with unlike superscript letters were significantly
different (P<0-05).

potentially reduce blood glucose opens up a new approach to
glycaemic control. The major components of EOC are amino
acids with a modest amount of carnosine (Table 1). It is also
known that serum carnosinase rapidly destroys all ingested
carnosine within minutes“”. It is therefore unlikely that carno-
sine has any significant role in glycaemic control compared with
the amino acids present(40) .

Gannon, Iverson, Kalogeropoulou & Nuttal
series of papers systematically studied the impact of individual
amino acids on glucose solution and reported that the max-

1(11,14,15) in a

imum decrease in GR was observed when Ile and Phe were
ingested along with a glucose solution". In contrast, our study
reports for the first time the significant impact of a ready-to-
drink amino acid mixture in the form of EOC in reducing the GR
of rice. On the basis of the above observations, 68 ml of an
amino acid mixture was sufficient to reduce GR of high-GI
white rice and trigger f-cell functions especially in the first
30 min. With reference to insulin secretion, it is postulated that
the early consumption of an amino acid mixture 15 min before
consumption of rice primes the f-cell and peripheral tissue for
insulin secretion and peripheral tissue for glucose uptake.

To the best of our knowledge, the current study is the first
experimental work on humans aimed at using an amino acid
mixture to reduce the GR of rice-based diets. It is undeniably an
observational study. Its merit lies in enabling people living in
Asia to reduce the GR of their carbohydrate-rich rice meals by
the inclusion of a ready-to-drink amino acid mixture. The
precise mechanism by which these amino acids reduce blood
glucose still remains unknown; this will form the next phase of
our study.

Diabetes in Asia is the greatest challenge to public health.
Any food-based intervention such as that described in this
paper should be embraced and encouraged. White rice is an
important source of high-GI carbohydrate. It contributes to the
dietary glycaemic load leading to hyperglycaemia in Asian
populations?”44? Overconsumption of starchy foods such as
rice has been reported to induce a rapid and sharp increase in
blood glucose®>31:43,
accompanied by an insulin surge and contributes to the
aetiology of diabetes“?. As the potency of individual amino
acids to influence the glucose response, insulin or glucagon
levels varies, it has been a challenge to formulate an amino acid
cocktail to optimise its impact on glycaemic reduction™. Our
results indicate that EOC has an amino acid mixture that
appears to increase insulin sensitivity and also reduce blood
glucose. The novelty of our study is that it provides a simple,
and reproducible dietary intervention that has
significant influence in reducing blood glucose. In view of the

This increased glucose response is

practical

fact that most people in Asia enjoy eating rice, the inclusion of
the amino acid mixture in the form of EOC may be a useful
strategy for reducing the high GI in food in this population.
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