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ABSTRACT

Background: Excessive intake of sugar-sweetened beverages (SSBs) significantly contributes to the global rise in diabetes
mellitus and related cardiometabolic disorders. Pakistan ranks third worldwide in diabetes prevalence, with contributing factors
including genetics, sedentary behavior, obesity, and unhealthy diets. The glycemic index (GI) and glycemic load (GL) are
essential parameters for managing hyperglycemia, reflecting the quality and quantity of carbohydrates consumed. Increasing
dietary fiber intake is known to reduce glycemic response; however, data on GI and GL values of commonly consumed Pakistani
beverages remain limited.

Objective: This study aimed to determine the glycemic index and glycemic load of Jam-e-Shirin and to evaluate the effect of
ispaghula husk (Psyllium Husk) on its postprandial glycemic response.

Methods: A non-blind interventional study was conducted over six months at Khyber Medical University, enrolling 15 healthy
male participants aged 22 + 0.83 years with normal BMI and blood pressure. Participants ingested 25 g of reference glucose
and 33 mL of Jam-e-Shirin containing equivalent carbohydrates, followed by Jam-e-Shirin fortified with 2.5 g, 5 g, and 10 g
of ispaghula husk. Blood glucose levels were measured at 0, 15, 30, 60, 90, and 120 minutes. The incremental area under the
curve (IAUC) was calculated using the trapezoid method to derive GI and GL, and statistical analysis was performed using a
Paired T-Test in SPSS (p < 0.05).

Results: The reference glucose exhibited a GI of 100 and GL of 25. Jam-e-Shirin alone showed a GI of 82.77 and GL of 20.69,
which were significantly reduced after adding dietary fiber. GI and GL decreased to 42.63 and 10.64 with 2.5 g fiber, 49.49 and
12.36 with 5 g fiber, and 46.42 and 11.60 with 10 g fiber, demonstrating p-values of 0.01, 0.02, and 0.01, respectively. The 5 g
fiber dose produced the most balanced reduction in glycemic response.

Conclusion: The addition of ispaghula husk to Jam-e-Shirin markedly reduced its glycemic index and glycemic load,
highlighting a practical dietary approach for managing postprandial glycemia and reducing diabetes risk among frequent
consumers of sweetened beverages.

Keywords: Blood glucose, Dietary fiber, Glycemic index, Glycemic load, Ispaghula husk, Postprandial glycemia, Sugar-
sweetened beverages.
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INTRODUCTION

Diabetes mellitus is a chronic metabolic disorder characterized by persistently elevated blood glucose levels resulting from impaired
insulin secretion, action, or both (1). It manifests primarily in two forms: Type 1 Diabetes, marked by deficient insulin production due
to autoimmune destruction of pancreatic B-cells, and Type 2 Diabetes, in which peripheral tissues fail to respond adequately to insulin
(2). Among the major dietary contributors, excessive intake of sugar-sweetened beverages (SSBs)—includi inks, fruit juices,

metabolic syndrome T2DM, and cardiovascular diseases compared
unaware of the complications linked to poor glycemic control (12).

raise blood glucose compared with a standard reference sugha ad (13,14). The GI is defined as the incremental

area under the two-hour blood glucose curve (1IAUC) after ing 0f SO of available carbohydrate, expressed as a percentage of the
response produced by the reference food (1,1 GI < 55), medium (GI 56—-69), or high (GI > 70) based
on their impact on postprandial glucose oods, such as refined bread, cause rapid glucose absorption and
exaggerated insulin responses, while la It in sloweRdigestion and more stable glycemic control (16). Despite the global

utility of GI as a dietary tool, inft I of traditional Pakistani foods and beverages remains scarce (2,10). To
complement GI, the concept of i aped to account for both carbohydrate quality and quantity. It is calculated
by multiplying the GI of a fi pntent per serving and dividing by 100 (11). GL values categorize foods as low

(<10), medium (11-19),
diabetes or prediabete

fiber) on modulatingjits postprandial glycemic response among healthy individuals.

METHODS

This non-blind interventional study with repeated measures was conducted over a period of six months at the Laboratory of the Institute
of Paramedical Sciences, Khyber Medical University, Peshawar. A total of 15 healthy male volunteers were recruited from the same

© 2025 et al. Open access under CC BY License (Creative Commons). Freely distributable with appropriate citation. 534



INSIGHTS-JOURNAL OF HEALTH
AND REHABILITATION ® ® ®

]Ig]l:r:nz i 25:;415“ 5: Effect of Dietary Fiber on Glycemic Response of Jam-e-Shirin ++‘. IHSIGHTS- JHn

institution. The participants had a mean age of 22 + 0.83 years. Eligibility was determined based on specific inclusion and exclusion
criteria designed to ensure homogeneity of the study sample. The inclusion criteria comprised individuals with a Body Mass Index
(BMI) between 18.5-24.5 kg/m?, fasting blood glucose levels ranging from 75—100 mg/dL, non-smokers, and those free from any known
genetic or metabolic disorders. Individuals who were obese, smokers, or alcohol consumers, or those with a family history of diabetes
mellitus, were excluded from participation. Similarly, participants taking any medications known to influence postprandial glucose
levels were excluded to minimize confounding factors. Prior to participation, all individuals were provided with a comprehensive
explanation of the study’s purpose, procedures, and potential risks. Written informed consent was obtained from gach participant. Ethical

blood glucose.

On the second day, the same protocol was repeated; however, parti
consumed local beverage—diluted in 300 mL of water, providing an
Blood glucose levels were measured at 15-minute intervals for 120

t of approximately 25 g of glucose.
e third experimental day, participants

were divided into three subgroups (n =5 per group) to assess the effec spaghula husk (psyllium fiber) on glycemic response. Each
group received Jam-e-Shirin (33 mL) mixed with varying i usk—248'¢g for Group 1, 5 g for Group 2, and 10 g for
Group 3—dissolved in 300 mL of water. Fasting glucoscjle efore beverage administration, and subsequent
postprandial glucose readings were collected every 15 minut hour period under controlled laboratory conditions. Following

data collection, glucose response curves were plotted for the re olution, Jam-e-Shirin alone, and Jam-e-Shirin with fiber
supplementation. The incremental area und each test'meal was computed using the trapezoidal rule in Microsoft
Excel. The glycemic index (GI) of ea s calculatedjas the ratio of its iAUC to that of the reference glucose solution,

multiplied by 100. The glycemic lg : ipderi multiplying the GI by the carbohydrate content of the serving and

ts with normal body mass index and blood pressure successfully completed the study. On the
a lood glucose level of all participants was recorded at 95 mg/dL. Following the ingestion of 25

g ofrg , gfconcentrations increased to 129, 149, 112, 96, and 89 mg/dL at 15, 30, 60, 90, and 120 minutes,
(el a under the curve (iAUC) calculated using the trapezoidal method, was 2251 mg/dL*sec

90, and 120 minu regpectively. The iAUC for Jam—e-Shlrln was calculated as 1863.23 mg/dL*sec, W1th corresponding GI and GL
values of 82.77 and 20.69, respectively. Peak glucose levels were observed at 30 minutes, followed by a steady decline below baseline
by 90 and 120 minutes. When ispaghula husk (dietary fiber) was introduced, all three intervention groups demonstrated a reduction in
postprandial glucose response. In the group receiving 2.5 g of fiber, blood glucose levels were 91, 113, 116, 89, 83, and 86 mg/dL at the
designated time intervals, resulting in an iIAUC of 959.9 mg/dLsec, a GI of 42.63, and a GL of 10.64. In the group administered 5.0 g
of fiber, the glucose levels were 96, 118, 125, 98, 90, and 84 mg/dL, with an iAUC of 1114.38 mg/dLsec, a GI of 49.49, and a GL of
12.36. The group supplemented with 10 g of fiber exhibited glucose readings of 94, 109, 117, 104, 94, and 91 mg/dL, producing an
iAUC of 1045.48 mg/dL*sec, a GI of 46.42, and a GL of 11.60. Statistical analysis using the paired t-test revealed that all three fiber
doses significantly reduced both GI and GL compared with Jam-e-Shirin alone (p < 0.05). The two-tailed significance levels for GI were
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0.01, 0.02, and 0.01 for 2.5 g, 5.0 g, and 10 g of fiber, respectively. Similarly, GL reductions demonstrated p-values of 0.01, 0.02, and
0.01 for the same respective doses. Although all fiber concentrations reduced postprandial glycemia, the 5.0 g fiber supplementation
produced the most optimal reduction in both GI and GL, as indicated by the mean difference analysis.

Table 1: iAUC, GI, and GL of reference glucose and jam e Shirin without fiber.

Reference glucose

S.no Variable Results

1 iAUC 2251mg/dl*sec

2 GI 100

3 GL 25g

Jam e Shirin without fiber - -

S.no Variable

1 iAUC

2 GI

3 GL °

Table 2: iAUC, GI, GL of different gram of fiber with j

Jam e Shirin with 2.5 gram of fibers

S.no Variable esults

1 iAUC 959.9mg/dl*sec

2 GI 42.63

3 GL 10.64¢

Results
1114.38mg/dI*sec
49.49
12.36g
Tfiber
Variable Results

1 1045.48mg/d1*sec

2 GI 46.42

3 GL 11.60g
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Table 3: Pre and Post Fiber Glycemic Index and Glycemic Load of Different Gram of Fiber.

Pre and post fiber glycemic index

S.no Different gram of fiber Pre fiber Post fiber Results
mean(g) SD mean(g) SD T value Sig(2-
tailed)
1 2.5 grams 77.09 +18.1 42.63 +16.91

2 5.0 grams 88.84 +19.1 49.49 +15.18

3 10 grams 82.27 +18.6 46.42

Pre and post fiber glycemic load

1 2.5grams 19.27 +4.53
2 5.0 grams 22.20 +4.78
3 10 grams 20.56 +4.65 !i 1.
Effect of Fiber on Glycemic Index of Jam-e-Shirin
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Figure 2 Effect of Fiber on Glycemic Index of Jam-e-Shirin Figure 2 Mean Blood Glucose Response: Reference vs Jam-e-Shirin

¢ load (GL) of foods are central in the dietary management of hyperglycemia and in the prevention
ociated with diabetes mellitus. These indices serve as valuable tools in guiding dietary choices for
ose at elevated risk of developing glucose intolerance. Within the Pakistani context, limited data exist
d GL values of locally consumed beverages, despite their substantial contribution to overall carbohydrate intake. The
@ this gap by evaluating the effect of dietary fiber supplementation on the GI and GL of Jam-e-Shirin, a sweetened
constitutes nearly 60% of beverage consumption in Pakistan. The findings of this study demonstrated that Jam-e-
Shirin alone exhibited a moderately high GI (82.77) and GL (20.69), categorizing it as a food that may provoke significant postprandial
hyperglycemia. However, the incorporation of dietary fiber (ispaghula husk) at doses of 2.5 g, 5 g, and 10 g markedly attenuated the
glycemic response. The respective GI and GL values were reduced to 42.63 and 10.64, 49.49 and 12.36, and 46.42 and 11.6 (15-17).
Among these, the 5 g fiber concentration demonstrated the most balanced and sustained reduction in postprandial glycemia. This
hypoglycemic effect is attributed to the viscous nature of soluble fiber, which delays gastric emptying, slows glucose absorption, and
enhances insulin sensitivity, thereby reducing the overall glycemic response. The results of this study align with existing literature

regarding the G
present study addre
herbal beverage tha
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showing that fiber-enriched diets significantly mitigate glycemic excursions. Similar findings were reported in previous experimental
studies where the addition of dietary fiber to glucose or carbohydrate-based foods led to a pronounced decline in postprandial blood
glucose concentrations at 30, 60, and 120 minutes (18,19). These observations reinforce the physiological role of soluble fiber in
modulating glucose metabolism by forming gel-like matrices in the intestine that impede carbohydrate hydrolysis and absorption.

Comparative evidence from other populations further substantiates the present results. In a study conducted to evaluate the GI and GL
of staple Ethiopian foods such as Teff Injera, White Wheat Bread, and Corn Injera, the Gl values were reported as 36, 46, and 97,
respectively, indicating that foods with lower fiber content and higher processing levels tend to produce greate pic responses (20).
Similarly, an investigation assessing the GI and GL of vegetable-based drinks, including cucumber, carrotgand beetroogjhices, identified

subgroups of five, restricts the statistical power and generalizability
evaluation of inter-individual variability in glycemic response. Addi ilized Jam-e-Shirin as the sole test beverage;

thus, the findings cannot be extrapolated to other locally consumed dr arbohydrate compositions. Furthermore, the
equivalence of 33 mL of Jam-e-Shirin to 25 g of glucose i ng, was not chemically validated, potentially
introducing a margin of error in GI calculation. The absence'@f 1mits the representativeness of the sample, given

nship between fiber quantity and glycemic reduction underscore the
internal validity of the findings. Future
including both genders and varying

d this work by incorporating a larger and more diverse population,
g a broader range of local foods, such as fast foods, carbonated

drinks, and staple carbohydrate s ice ould provide a more comprehensive understanding of the glycemic
characteristics of the Pakistanj e effects of mixed-meal compositions and the interaction between different fiber
types may further refine die mic management in diabetic and pre-diabetic populations. In summary, the
study provides eviden er significantly lowers the GI and GL of Jam-e-Shirin, suggesting a potential
dietary modification emijc impact of commonly consumed sweetened beverages in Pakistan. These findings
emphasize the i ich options into daily dietary habits as a preventive measure against hyperglycemia

COD
The study ycemic response of the commonly consumed Pakistani beverage Jam-e-Shirin can be substantially
lowered thro e incorpotation of dietary fiber. The addition of soluble fiber effectively reduced its potential to elevate postprandial

blood glucose, highlighting the role of fiber as a simple yet powerful dietary intervention for improving glycemic control. These findings
emphasize that enrighing sweetened beverages with dietary fiber may serve as a practical nutritional strategy to help prevent the
progression from normal glucose tolerance to prediabetes and diabetes within the general population.
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