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ABSTRACT

Glycemic Index (GI) and Insulin {as measured by C-peptide) responses of Ladies Finger
(Abelmoschus esculentus) and Pointed Gourd (Trichosanthes dioica) from Bangladeshi origin were
investigated to help in creating a better food exchange table for diabetic patients. Based on serving
size in the Bangladeshi society, the GL of those two food items have also been caleculated. Ten
diabetic subjects, under a cross-over design, consumed equi-carbohydrate amount (25 g of total
carbohydrate) of the vegetables and white bread (WEB, as reference food), with a run in period of
seven days between the consecutive items. The serum levels of glucose were estimated at O, ', 15,
30, 45, 60, 90, 120, 150 and 180 min, respectively, NEFA and c-peptide levels were at O and
180 min only. GI and GL were calculated by standard formula. Both Ladies Finger (LF) and
Pointed Gourd (PG) showed significantly lower serum glucose value than that of WB. The GI of LF
and PG were B8£20 and 76424, respectively. Both LF and PG showed significantly lower serum c-
peptide and serum NEFA response as compared to WEB at 180 min (p<0.01). The GL of LF and P
were b and 6, respectively. In contrast to the general belief that vegetables are rich in dietary fiber
and thus necessarily have low glycemic index, the present data shows relatively medium and high
glycemic index of LF' and PG, respectively. Presence of bioactive natural agents in these vegetables,
resulting in the suppression of insulin secretion/action or having stimulatory effect on insulin

antagonists, need to be investigated.

Key words: Glycemic index, glycemic load, vegetable, ladies finger, pointed gourd, diet, mixed
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INTRODUCTION

The component of the diet that has the greatest influence on blood glucose 1s carbohydrate.
Both the quantity and the type or source of carbohydrate found in foods influence postprandial
glucose level. Furthermore, high carbohydrate diets raise plasma insulin to the greatest extent in
persons with insulin resistance (Jeppesen ef al., 1997) which itself is associated with increased risk
of obesity, cardiovascular disease, diabetes and hypertension (Reaven, 1995). Thus reducing
postprandial glucese and insulin may be beneficial in the management of insulin resistance,
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Plasma glucose and insulin responses can be manipulated by altering the amount or source of
dietary carbohydrate (Wolever and Bolognesi, 1996). Different carbohydrate foods are digested
in vitro at different rates (Jenkins ef al., 1980) and in turn, are directly related to the glucose and
insulin responses they elicit (Wolever ef al.,, 1988a; Brand-Miller et «l., 2007, FAO/WHO, 1998),
The glycemic responses of foods are classified by using the Glycemic Index (GI) which is a useful
indicator for the biclogical effects of carbohydrates and it can be converted to a practical tool called
Glycemic Load ((GL) which can be used for routine dietary advice.

Since insulin is known to be atherogenie, a low (I at the expense of hyperinsulinemia may
not be useful. Thus a ranking of food based on their insulin secretary capacity along with the
glycemic response is necessary. Increased circulating concentrations of Nen-Esterified Fatty
Acids (NEFA) have been implicated in the pathogenesis of type 2 diabetes (Carcline and
Nattrass, 2000). Recently, attention has focused upon a possible role for NEFA in the f-cell and
the likely consequences of such a role for the pathogenesis of type 2 diabetes (T2DM).

The GI has been recommended to help guide food choices (American Diabetes Association, 1979)
because it has heen reported that a high GI diet may have adverse health consequences by
increasing the risk for chronic disease (Mann, 1980). Evidence suggests that high GI/GL diets may
increase the risk for cardiovascular disease (Wel et al., 2000) and T2DM (Wannamethee et al.,
2002; Jenkins et al., 1981; Ludwig, 2002; Willett et al., 2002). A high GI diet may increase the risk
for chronic disease through the stimulation of hyperglycemia and hyperinsulinemia. In contrast,
a low GI diet has been reported to have health benefits (Mann, 1980; Jenkins ef al.,, 1981;
Wolever et al., 1994). Kpidemiological data indicate that a low GI diet has a protective role against
development of T2DM (Wannamethee ef al., 2002; Jenkins ef al., 1981) coronary heart disease and
the metabolic syndrome.

Apart from their nutrient content, fruits, vegetables and cereal preducts are now regarded as
rich sources of Dietary Fiber (DF). A number of studies (Huq et al., 2001) have determined the
content and composition of DF in a number of local fruits, vegetables and cereals that are mainly
available in South Kast Asian region. Some of these foodstuffs were found rich in DF and can be
used frequently in the diet of T2DM patients provided their biological responses are known. The
objective of the present study was to determine the proximate nutrient composition of twe DF rich
vegetables (LF and PG) and estimate their glucose, insulin and NEFA responses in T2DM subjects.

MATERIALS AND METHODS

The study was conducted at the Department of Biomedical Research Group, Research Division,
Bangladesh Institute of Research and Rehabilitation in Diabetes, Endocrine and Metabolic
Disorders during January 2008 to December 2008,

Nutritional analysis of test meals: Two fiber rich vegetables - Liadies finger and Pointed Gourd
were selected for the study of glucose and insulin responses in T2DM subjects. A number of factors
influence the glycemie responses of carbohydrate foods. It 1s therefore desirable to minimize these
factors, cooking effect being one of them, in designing any study that intends to determine GI of
foods. For that we decided to analyze the proximate nutrients of cocked samples along with of fresh

ones. The proximate composition of the test vegetables was comparable with the published data in
the Food Composition Tables shown in the tables (Table 1).
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Table 1: Nutrient composition of the test meals (g per 100 g)

Meals Moisture Protein Fat CHO DF Ash Energy
Bread
Analyzed 2.36 15.23 2.38 64.39 - 230 39.90a
Ladies Finger
Analyzed
Raw 90.80 0.60 0.12 7.51 2.86 0.97 33.52
Cook 85.40 1.77 0.40 11.49 5.11 0.94 56.64
Reported
Raw 88.30 1.80 0.10 8.70 3.24 1.10 429b
88.0 2.20 0.20 7.70 - - -C
Pointed Gourd
Analyzed
Raw 929 0.72 0.20 5.21 2.46 0.97 20.60
Cook 91.6 1.67 0.50 5.50 2.2 0.73 28.78
Reported
Raw 92.00 2.00 0.30 2.2 3.3 0.50 20.0b
92.30 2.00 0.30 1.90 - - -C

*Values were taken from Animal Nutrition Lab, Department of Livestock Services, Farmgate, Dhaka, Bangladesh 2002, Values were
taken from Deshio Khadrodrobbyer Pushtiman (1995). “Values were taken from Food and Nutrition-Dr. M. Swaminathan

Sample collection: Food samples were purchased from local market of Dhaka city. They were
selected at randomly from the stock lot of the seller. Food samples were collected during their pick
seasons.

Sample preparation: Edible Fortion (EF) of half of the collected food samples were chopped into
small pieces. The other half of the samples was then boiled with water for 15 min. Water was added
in such a way that there was no water remained at the end of cocking. The boiled samples were
taken into a frying pan and fried with margarine and salt for few mrinutes. Portions of both raw
and cooked samples were taken out for moisture and ash analyses.

Analysis of proximate composition: Moisture content was estimated according to the method
of Pearson (Kirk and Sawyer, 1991). Estimation of Ash was done using the ACAC (1990) method.
The protein content was determined by some micre Kjeldahl method of AOAC (1990}, The Soxhlet,
method was used (AOAC,, 1990) for estimation of fat. The nitrogen free extracts (NFE) were
considered as total carbohydrate and were caleulated by this equation: Carbohydrate (NFE g%)
=100 - {moisture + protein+ lipid + DF + ash) g/100 g. Energy value of the samples were estimated
and expressed in kilo calorie by multiplying the percentage of protein, lipid and carbohydrate by
the Atwater-Bryant factors 4, 9 and 4, respectively.

Dietary fiber analysis: For the estimation of DF, the Neutral Detergent Fiber (NDF) method of
Van-Soest and Wine (1967) was adopted.

Biological responses of the test meals (determination of glycemie, insulin and NEFA
responses)
Subjects: The subjects were selected among outpatients department of Bangladesh Institute of

Research and Rehabilitation on Diabetes, Endocrine and Metabolic Discorders (BIRDEM). A total

number of ten diabetic subjects were included in the study. Diabetes was diagnosed and classified
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by the WHO criteria. Patients with acute or chronic complication of diabetes mellitus and those
using insulin oral contraceptives or steroid were excluded. Pregnancy was also an exclusion
criterion. All participants gave their written consent after being fully informed about the nature
of study.

Study design: Detailed socio-demographic data, family history of the patients and medical history
were taken and physical and clinical examinations were done on the first day of the visit using a
pre-tested questionnaire. The body weight in Kilogram was measured by using appropriate scales
on bare foot (Detect-Medie, Detect Scales INC and USA). Body Mass Index (BMI) and waist-hip
ratio of the subjects were calculated by appropriate formula. Test and reference meals were given
to patients under a cross-over design with a wash out period of 7 days to avoid the ‘second meal
effect’ (Wolever ef «l., 1988b). Patients were advised to rely on recommended standard
carbohydrate diet and also instructed not to eat legumes in the meal preceding the fast. The
subjects were requested to fast overnight (8-10) and suggested not te take medicine. An
intravenous cannula was inserted into a superficial vein in the forearm. Fasting blood sample
(5 mL) was drawn at O min before meal serving. After that the subjects were given recommended
meals to eat within the stipulated period of time (10-15 min). Five milliliter of blood was then drawn
at 15, 30, 45, 60, 90, 120, 150 and 180 min. Blood sample was allowed to centrifuge at 3000 rpm
for 15 min. Separated serum was allocated in the labeled eppendrof tubes and preserved at -70°C
until biochemical analysis.

Test foods: The study included 3 test meals: 38 g white bread as a reference food while 217 g
Ladies finger and 379 g Pointed gourd as test foods. All the meals were equivalent to 25 g total
carbohydrates.

Laboratory method: Serum glucose was estimated by glucose-oxidase (GOD-PAD) method using
reagents from SERA PAK, USA (Trinder, 1969), C-peptide was determined by ELISA method using
kits from DRG Diagnostics, (Germany) and Plasma NEFA was measured by colorimetric method
using kits from Randox, UK, (Cat No FA 115). The measurement has been done using Microplate
Reader, adopted in the Research Division, BIRDEM.

Ethical consideration: The protocol was approved by the Ethical Review Committee of the
Diabetic Association of Bangladesh.

Statistical analysis: All analysis was done using the Statistical Package for Social Science (SPSS)
software for Windows. The incremental areas under the curve GAUC) was calculated by the
standardized criteria (Wolever ef al., 1991), ignoring any area below the baseline. To compare
difference between Means, ANOVA (bonferroni test), Mann-Whitney U tests were performed where
appropriate. All parametric variables were expressed as M£5D and non-parametric data were
expressed as percentages. p<(0.05 was considered as the level of significance.

RESULTS

Proximate composition: The results of the proximate analysis of the test vegetables are
presented in Table 1 on the basis of raw and cocked samples. Results showed that Ladies Finger
when cooked contained highest carbohydrate content (11.49%) followed by raw Ladies Finger
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(7.51%), cooked Pointed Gourd (5.55%) and raw Pointed Gourd (5.21%). Likewise, the content of
DF was highest in coocked LF (5.11%) and lowest in cocked PG (2.2%).

The proximate composition of the test vegetables was comparable with the published data in
the Food Composition Tables as shown in the same tables (Table 1). It was comparable in terms of
maisture content, which was greater than 90% in PG but in cooked LF moisture content was found
lower than that of reported values. The protein content was low in raw LF, but it was highest in
cooked L. The fat content. of the calculated value (both LF and PG3) was very close to the reported
values. But in cocked sample it was increased. In raw LF the carbohydrate content was lower than
that of reported values but cooked sample contained highest carbohydrate content. The
carbohydrate content of PG was higher than the reported value,

Biological responses: The BMI of the study subjects ranged between 20.42 and 28.53 with a
mean of 24,1442 .45 while they had a mean waist-hip ratio of 0.90+0.04 (Table 2). The mean of
plasma HbA,C level in the study subjects was 6.57£1.02. Subjects taking LF and PG had
significantly lower glucose responses than that of WB (p = 0.05, 0.01) at 30, 860 and 90 min. LF and
PG statistically differed {(p = 0.05, 0.01) with each other at 30 and 45 min. The increment Area
under the Curve (AUC) values of LF and PG were significantly differed (p = 0.001, 0.01) with WB
(1AUC 355467 in WB, 190437 in LF and 258+39 in PG) (Table 3). LF also showed significantly
lower 1AUC value than that of PG (p = 0.01). There was also no significant difference regarding
their GI values (LF 56 and PG 76). Both LF and PG showed significantly lower serum C-peptide
and serum NEFA response as compared to Bread at 180 min (p<0.01). Postprandial serum C-
peptide values for WB were 3.81+0.80, LF 2.78+1.00; PG 3.04+0.83 (Table 4) and NEFA values
were 0.67+0.13, 0.70£0.15 and 0.8120.17 mmol L 7! (Table 5), respectively.

Tahle 2: Characteristics of the subjects (n = 10)

Characters Values

Age (years) 41.85+5.90
Male-Female ratio 11

Annual Income (USD) 1000-10289
Pody Mass Index (BMI) 24.14+2.45
Waist-Hip Ratio (WHR) 0.09+0.04
HbAc (%) 6.57£1.02

Values are expressed as Mean+SD except range and ratio

Table 3: Glycemic response of the study subjects (n = 10) at different time intervals after ingestion of test meals

Serum glucose (mmol L)

Test foods 0/0 min 15 min 30 min 45 min 60 min 90 min

White bread 6.5+1.4 (100) 7.7+1.3 (12018) 8.3+1.0 (13012) 9.2+1.4 (143+12) 9.9+1.6 (153+15) 9.8+1.9 (151+9.3)
Ladies finger 6.3£1.0 (100)  8.4+1.7 (13516) 8.240.9 (15 1413) 7.840.8 (124+10)a*  7.4208 (119£15)a**  7.541.3 (119£12)a*
Pointed gourd ~ 5.7£0.9 (100)  7.540.7 (132420) 71407 (124420)a* b*  8720.9 (162£13)b**  7.650.7 (133+10)a**  7.3+1.6 (127£14)a*

Serum glucose (mmol LY

Test foods 120 min 150 min 180 min iAUC (mmol L' at3h)  (Glycemic Index (GI)  Glycemic Load (GL)
White Bread 8.742.1 (1353+10) TAELT (115516)  6.415 (98+7) 355467

Ladies Finger ~ 7.4+1.0 (118+12) 7.0£11(11258)  5.940.6 (95£11)  1904537a*** 56420 5

Pointed Gourd ~ 7.6+2.2 (130+27) 6.5£1.2 (112+13) 6.0+0.9 (105+9)  258+£39a** b** T6+24 5

Results expressed as MeandtSD; *p<0.05 and **p=0.01 ***p=0.001 were taken as the level of significance. a, White Bread; b, Ladies Finger; c,

Pointed Gourd. To calculate GL serving size was 60 g/serve (rice); n, Number of subjects; iAUC, Increment area under the curve
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Table 4: Fasting and Postprandial serum C-peptide responses and C-peptide — Glucose ratio of the study subjects (n = 10) after ingestion

of test meals

Serum C-peptide (ng mL™) C-peptide: Glucose ratio
Test foods 0 min 180 min AICP (ng mL™) 0 min 180 min
Bread 2.7+1.0 (100) 3.8+0.80 (148.2+39.2) 1.04+0.68 0.45+0.21 0.63+0.21
Ladies finger 3.0+0.8 (100) 2.7+1.00 (92.8+22)a* -0.21+0.73a* 0.46£0.17 0.45+0.21
Pointed gourd 2.7£1.1 (100) 3.04£0.8 (118.8431.6) 0.31+0.82 0.48+0.21 0.51+0.17

Results expressed as Meant+SD; *p<0.05, **p<0.01 was taken as the level of significance. a, Bread; b, Ladies Finger; ¢, Pointed Gourd.
AICP: Absolute incremental changes of C-peptide over basal values

Table &5: Fasting and Postprandial serum NEFA responses and NEFA— Glucose ratio of the study subjects (n = 7) after ingestion of test

meals
Serum NEFA (mmol L) NEFA: Glucose ratio
Test foods 0 min 180 min AIN 0 min 180 min
Bread 0.33+0.13 (100) 0.67+0.21 (219.9+114) 0.31+0.26 0.05+0.01 0.10+0.02
Ladies finger 0.74+0.10 (100) 0.70+0.15 (95+23)a*** -0.04+0.16a** 0.11+0.02a** 0.11+0.02
Pointed gourd 0.56+0.07 (100) 0.61+0.17 (109+36)a** 0.04+0.19a* 0.10+0.02a%* 0.10+0.03

Results expressed as MeandSD; *p<0.05, **p<0.01 was taken as the level of significance. a, Bread; b, Ladies Finger; ¢, Pointed Gourd.
AIN: Absolute incremental changes of NEFA over basal values

DISCUSSION

Diet is considered to be the cornerstone in the management of diabetes mellitus. To create a
better diet plan for T2DM the present study showed that the blood glucose response after
consuming ladies finger was significantly lower when compared with bread (p<0.01) and also with
pointed gourd. This lower glycemic response was also reflected in the GI value. The glycemic index
of ladies finger had just crossed the lower limit of GI value and pointed gourd showed a higher GI
value. A number of factors such as the presence of fibre, cocking procedure, processing, nature of
starch ete contributed to the response of glucose level. It 15 also evident that vegetables are low in
carbohydrate and rich in dietary fibre, so their glycemic index will be low which are generally
advantageous for diabetic patients.

High fiber was believed to be able to reduce the blood glucese response and hence lower the GI
value. Here we found that the dietary fiber of ladies finger (both analyzed and reported) is higher
than pointed gourd and it was reflected in the GI value of ladies finger also.

Allowing for a particular food for diabetic patients it is also important to consider how rapidly
the glucose level rise and fall. Though the result of three test meals have shown that at post-
prandial stage after three hours, all the foods were staying at same serum glucose levels. But
looking at the dynamics of blood glucose changes it seems that the foods exhibit different timing
of blood glucose respense. For example in LF, there was a peak rise to 133% at 15 min and a sharp
fall at. 180 min (95%). For bread the peak rise of blood glucose was 153% at 60 min. The rise of
blood glucose level to a peak in PG was at 45 min (152%) with inconsistencies in rise and fall of the
response curve. The glucose response dynamics and hence the GI depends largely on the rate of
digestion and the rapidity of absorption of carbohydrates. The sharp rise of Glucose Response Curve
(GRC) of LF to its peak within 15 min, therefore, might be due to rapid digestion and absorption
of its glycemic carbohydrates. However the fall of the GRC at 180 min after maintaining
approximately constant plateau through out the experimental period 1s interesting but difficult to
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explain (Table 3). On the other hand, timing of glucose responses to P(3 has been found different
than that of LF; its GRC has shown a relatively late rise and early fall than that of LF (Table 3).
A slower digestion and absorption rate of carbohydrate alone, however, may not explain this
glucose response phenomenon. To prescribe a particular food for diabetic patients it is important
to consider how rapidly the glucose level rise and fall. For this it can be said that PG is a better
choice than LF. This factor must be considered when these vegetables are added in the diabetic
patient’s diet.

Based on the serving size in the Bangladeshi society, these two vegetables can be considered
as a very low GL food. And though the GI of these vegetables are medium and high respectively
but their GL is low; so if we should give special attention to the serving size of these vegetables, it
would be beneficial for us.

Though LF and PG raises blood glucose level sharply which excite f-cell to release insulin, it
shows that in 180 min LG and PG release less c-peptide compared to white bread (Table 4). In LF,
fasting c-peptide level reduced from 3 to 2.78 ng mL™" after 180 min of ingestion (Table 4) which
could play a beneficial role in cardiovascular disease.

Like insulinemia, NEFA was also reduced in LF at 180 min. The literature suggests that
reducing postprandial NEFA levels optimizes insulin stimulated glucose uptake in muscle, thereby
increasing insulin sensitivity. From this viewpoint of NEFA, it seems LF has beneficial effect on
dyslipidemia (Table 5).

It may be concluded that LF and PG could be categorized as having medium and high GI and
low GL values without any adverse insulin responses. In this study the subjects took only cooked
LF or PG, But in our culture we take food as a mixed meal that alters the glycemic index of a food.
When a particular food is eaten along with other foods, the blood glucose response and glycemic
index will vary, depending on the proportion of carbohydrate, protein and fat in the mixed meal.
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