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ABSTRACT

Object�ve: Present study was intended to examine the effects of dietary modification on nutritional biomarkers in young Indian male athletes.

Methods: Eighty-eight footballers and hockey players were randomly segregated into ad-libitum group (ALG) and nutrition counselling group (NCG).
Eight weeks of dietary modification trial was implemented on NCG, resulting in 9.5, 2.6, and 2.1 g/kgbw/day of carbohydrate, protein, and fat respec‐
tively. Rate of changes in daily nutrient intake and nutrition biomarkers were captured.
Results: NCG revealed significant increases in total serum protein (5.6%, p<0.001), haemoglobin (3.9%, p<0.001) and vitamin E (2.9%, p<0.001).
They also exhibited rises in serum vitamin C (6%, p=0.004), folate (4.5%, p=0.004), ferritin (4.8%, p=0.003), calcium (4.2%, p=0.009), serum vitamins
B12 (3.9%, p=0.012) and D (12.3%, p<0.001). Haemoglobin levels were positively correlated with daily protein (p<0.01), iron (p<0.05), vitamins B12
and vitamin C (p<0.05 both) intakes. Serum calcium positively correlated with daily calcium (p<0.01), phosphorus and protein (p<0.05 both) intakes.
Serum zinc was positively correlated with daily protein, calcium, vitamin B9 and vitamin D intake, while serum ferritin and vitamin B12 were positively
correlated with protein and iron intake. Post-intervention, NCG reported optimal blood levels of calcium, zinc, protein, Hb, ferritin, vitamins B12, C and
E, whereas the folate and vitamin D values were suboptimal. On the other hand, the ALG revealed marginal levels of zinc and total protein as well as
noticeably low levels of calcium, folate, and vitamin D.
Conclus�on: Enhanced blood levels of nutritional biomarkers noted after eight-weeks of controlled dietary modification was supported by positive cor‐
relations observed with the daily nutrient intakes.

Keywords: Controlled dietary modification, nutritional biomarkers, nutrient intake, nutritional status, physiological profile

ÖZ

Amaç: Bu çalışmanın amacı, genç Hintli erkek sporcularda diyet değişikliğinin beslenme biyobelirteçleri üzerindeki etkilerini incelemekti.
Yöntem: Seksen sekiz futbolcu ve hokey oyuncusu rastgele olarak isteğe bağlı gruba (ALG) ve beslenme danışmanlığı grubuna (NCG) ayrıldı. NCG
üzerinde sekiz haftalık diyet değişikliği denemesi uygulandı ve vücut ağırlığının her günü için sırasıyla 9.5 g, 2.6 g ve 2.1 g karbonhidrat, protein ve yağ
hedeflendi. Günlük besin alımındaki ve beslenme biyo-belirteçlerindeki değişim oranları saptandı.
Bulgular: NCG grubu toplam serum proteininde (%5.6, p<0.001), hemoglobinde (%3.9, p<0.001) ve E vitamininde (%2.9, p<0.001) anlamlı artışlar
gösterdi. Ayrıca C vitamini (%6.0, p=0.004), folat (%4.5, p=0.004), ferritin (%4.8, p=0.003), kalsiyum (%4.2, p=0.009), serum B12 (%3.9, p=0.012) ve
D vitaminlerinde (%12.3, p<0.001) de artışlar sergiledi. Hemoglobin düzeyi; günlük protein (p<0.01), demir (p<0.05), B12 ve C vitaminleri (p<0.05) alı‐
mıyla pozitif yönde ilişkiliydi. Serum kalsiyumu, günlük kalsiyum (p<0.01), fosfor ve protein (her ikisi p<0.05) alımıyla pozitif yönde ilişkiliydi. Serum çin‐
kosu günlük protein, kalsiyum, B9 ve D vitaminleri alımıyla pozitif korelasyon sergilerken, serum ferritin ve B12 vitamini protein ve demir alımıyla pozitif
korelasyon gösterdi. Girişim sonrasında NCG grubunda kanda optimal kalsiyum, çinko, protein, Hb, ferritin, B12, C ve E vitaminleri düzeyleri gözlenir‐
ken, folat ve D vitamini değerleri optimalin altında kaldı. Öte yandan, ALG grubunda marjinal düzeylerde çinko ve toplam proteinin yanı sıra gözle görü‐
lür derecede düşük kalsiyum, folat ve D vitamini düzeyleri ortaya çıktı.
Sonuç: Sekiz haftalık kontrollü diyet değişikliği sonrası kaydedilen beslenme biyobelirteçlerinin kan seviyelerindeki artış, günlük besin alımıyla gözlenen
pozitif korelasyonlarla desteklendi.
Anahtar Sözcükler: Kontrollü diyet değişikliği, beslenme biyobelirteçleri, besin alımı, beslenme durumu, fizyolojik profil
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INTRODUCTION
Tra�n�ng for athlet�c excellence requ�res adequate calor�es
and macronutr�ents to enhance performance, and support
growth and development. V�tam�ns and m�nerals are essen-
t�al for energy metabol�sm, and def�c�enc�es can have a s�g-
n�f�cant �mpact on exerc�se capac�ty (1).

Iron �s an essent�al m�cronutr�ent for athlet�c performance,
as �t �s �nvolved �n the product�on of red blood cells, oxygen
transport and electron transport dur�ng ox�dat�ve phosp-
horylat�on. A fall �n ferr�t�n, a form of �ron store �n the body,
�s a s�gn of �ron def�c�ency. Low blood haemoglob�n con-
centrat�on (anaem�a) may result from an �nadequate �ron
�ntake �n the d�et, and may also be due to the def�c�ency of
v�tam�ns B12 or folate (2). Athletes requ�re spec�al attent�on
w�th regard to calc�um needs and �ts adequate �ntake. Fac-
tors such as we�ght-bear�ng exerc�se, electrolytes lost v�a
sweat, and magnes�um homeostas�s are �mportant for opt�-
m�z�ng adequate d�etary calc�um �ntake. Add�t�onally, mag-
nes�um homeostas�s �s �mportant for the regulat�on of
energy and calc�um metabol�sm, act�ng as a cofactor and
act�vator for a number of enzymes (3). Z�nc plays an �mpor-
tant role �n t�ssue repa�r and phys�cal act�v�ty, wh�le v�ta-
m�n D3 �s essent�al for muscle growth and �mproved f�tness
(4). V�tam�n C �s essent�al for the funct�on�ng of b�ochem�-
cal pathways, part�cularly exerc�se metabol�sm, as �t coun-
teracts ox�dat�ve stress (5). S�m�larly, v�tam�n E �s an �mpor-
tant ant�ox�dant and membrane stab�l�zer for �mprov�ng
performance, m�n�m�z�ng muscle damage, and max�m�z�ng
recovery from exerc�se (6).

Nutr�t�on �s essent�al for athlet�c excellence, but l�ttle rese-
arch has been done to exam�ne the �mpact of structured d�-
etary mod�f�cat�on protocols on Ind�an athletes �n terms of
b�ochem�cal parameters. Hence, the present study �ntended
to exam�ne the changes �n blood levels of the nutr�t�onal
b�omarkers brought about by �nterven�ng �n a controlled d�-
etary mod�f�cat�on programme �n accordance to the stan-
dard nutr�t�onal gu�del�nes among young Ind�an male ath-
letes. It was hypothes�zed that nutr�t�onal status and blood
levels of the nutr�t�onal b�omarkers would �mprove a�er en-
gag�ng athletes �n the e�ght weeks of recommended d�etary
mod�f�cat�on tr�al.

Study Part�c�pants

The present �nvest�gat�on was carr�ed out on 88 state level
young male athletes (Football: 42; Hockey: 46) who had at
least three years of formal tra�n�ng h�story. They were ran-
domly segregated �nto an ad-l�b�tum group (ALG; n=43,
age: 16.4±1.4 years) and a nutr�t�on counsell�ng group
(NCG; n=45, age: 16.1±1.9 years). The test protocol was �mp-
lemented dur�ng the�r pre-compet�t�ve phase, subjects were

cl�n�cally exam�ned by phys�c�ans spec�al�zed �n sports me-
d�c�ne follow�ng standard procedure (7). The study was
conducted �n accordance w�th the Declarat�on of Hels�nk�
a�er obta�n�ng eth�cal clearance from the Inst�tut�onal Hu-
man Eth�cal Comm�ttee, Department of Phys�ology, Un�ver-
s�ty of Calcutta (Ref. No. IHEC/AB/P83/2019).

Athletes followed a customary tra�n�ng protocol des�gned
by qual�f�ed coaches and sc�ent�f�c experts for e�ght weeks,
w�th three hours of tra�n�ng per day, s�x days a week. Tra-
�n�ng cons�sted of card�o-resp�ratory workouts, spr�nt �nter-
vals, and game-spec�f�c sk�ll tra�n�ng. NCG rece�ved control-
led d�etary mod�f�cat�on for e�ght weeks, wh�le ALG were
�nstructed to follow ad-l�b�tum �ntake. All assessments were
repeated for post-�ntervent�on test�ng.

Nutr�t�onal Intervent�on

E�ght weeks of a d�etary mod�f�cat�on tr�al led by an exper�-
enced sports nutr�t�on�st was �mplemented on NCG. Cont-
rolled and �nd�v�dual�zed d�etary changes were made �n ac-
cordance w�th the standard�zed nutr�t�on and hydrat�on gu-
�del�nes set by collaborat�ve e�orts of the Ind�an L�fe Sc�en-
ce Inst�tute, Nat�onal Inst�tute of Nutr�t�on, and Sports Aut-
hor�ty of Ind�a. The da�ly d�et plan was des�gned to fetch 70
kcal/kgbw/day of total energy, w�th 550 g of cereals, 40 g of
pulses, 150 g of leafy greens, 200 g other vegetables, 150 g
of roots and tubers, 750 ml of m�lk and da�ry products, 75 g
of fats and butter, 250 g of meat, 100 g of egg and 150 m of
fru�ts. Ind�v�dual d�etary mod�f�cat�on was catered to all the
athletes �n NCG, by �mplement�ng m�nor adjustments �n the
number of serv�ngs of var�ous food groups and calor�es
contr�buted through macronutr�ent d�str�but�on. In each
subsequent rev�ew, compl�ance w�th d�etary recommenda-
t�ons was conf�rmed, and nutr�t�onal mod�f�cat�ons were
made �n accordance w�th the goals of the�r d�st�nct�ve
sports tra�n�ng and the �nd�v�dual needs of the athletes.
Cons�der�ng the young populat�on of the part�c�pants, d�-
vers�ty �n food cho�ces and �nd�v�dual preferences were also
cons�dered to �ncrease adherence.

Tra�n�ng Reg�men

Under the superv�s�on of a sc�ent�f�c expert, cert�f�ed coac-
hes adm�n�stered the systemat�c tra�n�ng programme. W�th
the except�on of the tra�n�ng, pract�cally all of the games �n
the present research �ncluded a s�m�lar tra�n�ng reg�men,
wh�ch was carr�ed out for an average of 4 to 5 hours every
day except Sunday, total�ng about 30 hours each week. The
phys�cal tra�n�ng program �ncluded �ex�b�l�ty exerc�ses,
and strength and endurance tra�n�ng �n accordance w�th
the needs of respect�ve sports.
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Nutr�t�onal Assessment

A 24-hour d�etary recall quest�onna�re was used to assess
d�etary hab�ts such as meal pattern, frequency, �ntake of
food groups, and port�on s�zes. Cooked foods were conver-
ted to raw amounts and nutr�ents were calculated us�ng the
D�etso� so�ware (NIN, ICMR, IFCT 2017). Nutr�ent �ntake,
�nclud�ng calor�es, carbohydrate, prote�n, fat, d�etary f�bre,
calc�um, phosphorus, �ron, z�nc, v�tam�ns B9, B12, C, D, E
and B was calculated and compared w�th nutr�t�on and
hydrat�on gu�del�nes for athletes before and a�er d�etary
mod�f�cat�on (8).

Anthropometr�c and Body Compos�t�on Assessments

Phys�cal character�st�cs �nclud�ng body he�ght and we�ght
was measured us�ng anthropometr�c rod and d�g�tal we�g-
h�ng mach�ne respect�vely, and body mass �ndex (BMI) was
calculated by us�ng standard equat�on. Fat mass (FM), fat
free mass (FFM), muscle mass (MM), body cell mass (BCM)
was assessed us�ng B�oelectr�cal Impedance Analyzer (BIA)
(Maltron B�oscan 920-2, Made �n UK) follow�ng standard
test�ng manual of Maltron Internat�onal.

B�ochem�cal Assessment

Venous blood sample was collected from the antecub�tal
ve�n between 7 and 8 am �n the pre-prand�al state. Each
sample was transferred �nto al�quots wh�ch were stored �n a
cooler box unt�l centr�fuged at 2500 rpm for 15 m�n at 4°C.
The samples were then transferred �nto two d��erent crayo-
v�als and preserved at -20°C for b�ochem�cal analyses. Se-
rum calc�um and z�nc concentrat�ons were determ�ned
us�ng atom�c absorpt�on spectrophotometry (9,10). Serum
ferr�t�n and haemoglob�n were measured us�ng color�metr�c
assay k�t (11). Total serum prote�n determ�nat�on was done
on the serum samples us�ng standard Lowry method (12).
ELISA k�t was used for measur�ng fol�c ac�d (Cell B�olabs,
Inc), v�tam�n B12 and v�tam�n 25(OH) D (Calb�otech Inc.)
(13,14). Analys�s for plasma v�tam�ns E and C were done th-
rough spectroscop�c determ�nat�on follow�ng protocols
standard�zed by Baker and Frank, and Roe and Kuether
(15,16).

Stat�st�cal Analyses

Stat�st�cal Package for Soc�al Sc�ences (SPSS) vers�on 25.0
(SPSS Inc., Ch�cago, Il, USA) was used for stat�st�cal analy-
s�s of the data. D��erences between pa�red data for all var�-
ables obta�ned before and a�er the �ntervent�on were calcu-
lated us�ng pa�red t-test and percentage change analys�s.
Pearson's product-moment correlat�on coe��c�ent was used
to assess the assoc�at�on between d��erent var�ables. The
d��erences between the cases and controls were also analy-

sed us�ng sample T test. Level of s�gn�f�cance was set at
p≤0.05.

RESULTS
Table 1 dep�cts the change rates �n anthropometr�c parame-
ters and da�ly macronutr�ent �ntake �n NCG and ALG from
pre- to post-�ntervent�on. Although �ns�gn�f�cant changes �n
body we�ght and BMI were noted �n both groups, fat con-
tent decreased s�gn�f�cantly by 16.7% �n the NCG (p=0.004),
whereas ALG revealed a 12.8% �ncrease �n fat rat�o
(p=0.020). S�gn�f�cant �ncreases of 12.1% �n FFM (p≤0.001)
and 17.8% �n MM (p≤0.01) occurred among NCG, whereas
ALG dep�cted decreases of 0.7% (p>0.05) and 5.4%
(p≤0.05), respect�vely. Also, the BCM/FFM rat�o was found
to be s�gn�f�cantly �ncreased by 5.7% �n the NCG (p≤0.05),
whereas the same decreased by 1.8% (p≤0.01) �n the ALG.
Substant�al upsurge �n the g/kgbw/day �ntake of carbohyd-
rate (31.3%, p<0.001), prote�n (15.8%, p<0.001) and fat
(15.4%, p<0.001) were noted among the NCG post-�nterven-
t�on. The ALG d�splayed wan �ns�gn�f�cant change �n car-
bohydrate �ntake (p=0.083), however prote�n �ntake decl�-
ned to 6.3% (p=0.022) and a steep 8.3% �ncrease �n fat �nta-
ke (p=0.002) was observed. Intake of total d�etary f�bre s�g-
n�f�cantly �mproved to 50.9% among the NCG (p<0.001),
wh�le ALG d�sclosed an �ncrease of 8.9% (p=0.048).

Concern�ng the d��erences noted �n the anthropometr�c va-
r�ables and macronutr�ent �ntake among the NCG and ALG
a�er the �ntervent�on per�od; s�gn�f�cant d��erences were
noted �n FFM (p<0.001), fat rat�o (p=0.003), BCM/FFM
(p=0.001) and MM among the NCG and ALG:

the former revealed h�gher FFM (53.2±4.7 kg) and MM
(16.2±3.3 kg) values along w�th h�gher BCM/FFM rat�o
(0.56±0.05), whereas ALG had h�gher fat rat�o (16.2±5.7%).
The d�str�but�on of macronutr�ent �ntake post-�ntervent�on
dep�cts that NCG were eat�ng s�gn�f�cantly h�gher proport�-
ons of carbohydrate (56.8±2.5%; p<0.001) and prote�n
(18.7±1.1%; p<0.001) �n the�r da�ly d�et, whereas the propor-
t�on of fat �n the da�ly d�et was s�gn�f�cantly h�gher among
the ALG (28.3±2.8%; p<0.001). Further, NCG was found to
have s�gn�f�cantly h�gher d�etary f�bre �ntake (36.3±10.8 g;
p<0.001) a�er the �ntervent�on per�od.

Table 2 �llustrates the changes �n m�cronutr�ent �ntake from
pre-to post-d�etary mod�f�cat�on among the ALG and NCG.
The da�ly calc�um (p<0.001) and phosphorus �ntake
(p<0.001) s�gn�f�cantly �ncreased to 21.2% and 21.8% res-
pect�vely among the NCG, whereas ALG d�splayed no chan-
ges for the same. A r�se of 9.0% �n �ron (p=0.01) and 5.7% �n
magnes�um (p<0.001)
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Table 1. Compar�son of anthropometr�c var�ables and macronutr�ent �ntake �n the pre- and post-�ntervent�on phases, and post-�ntervent�on
d��erences among NCG and ALG

Parameters Groups Pre-�ntervent�on Post-�ntervent�on Level of s�gn�f�cance p Value % Change
We�ght 

(kg)
NCG 57.7±7.5 58.3±7.2 -1.539 0.131 (ns) 1.0
ALG 61.4±9.8 61.5±9.4 -0.100 0.921 (ns) 0.1

BMI 
(kg/m2)

NCG 20.2±1.9 20.3±2.0 -0.812 0.421 (ns) 0.9
ALG 20.8±2.0 20.8±2.0 -0.071 0.944 (ns) 0.1

FFM 
(kg)

NCG 47.5±4.5 53.2±4.7 -8.627 0.000*** 12.1
ALG 48.7±5.0 49.1±4.9c -0.487 0.634 (ns) 0.7

Fat rat�o 
(%)

NCG 15.3±6.8 12.7±4.9 3.025 0.004* -16.7
ALG 14.3±5.8 16.2±5.7b -2.413 0.020* 12.8

BCM/FFM
NCG 0.53±0.05 0.56±0.05 -2.606* 0.023 5.7
ALG 0.54±0.04 0.53±0.03b 3.975** 0.002 -1.8

MM 
(kg)

NCG 13.8±3.8 16.2±3.3 -3.515 0.004** 17.8
ALG 13.8±4.5 13.1±3.9c 2.850 0.014* -5.4

Energy 
(kcal)

NCG 2655±284 3333±406 -13.194 <0.001*** 25.5
ALG 2479±318 2532±319 -1.210 0.233 (ns) 2.2

Carbohydrate 
(g)

NCG 364±45 473±61 -13.615 <0.001*** 29.8
ALG 332±50 331±49 0.130 0.897 (ns) -0.3

Carbohydrate 
(g/kgbw/day)

NCG 6.42±1.14 8.44±1.20 -11.503 <0.001*** 31.3
ALG 5.53±1.18 5.49±1.04c 0.251 0.803 (ns) -0.7

Carbohydrate�ntake (% energy) NCG 54.9±2.6 56.8±2.5 -4.801 <0.001*** 3.5
ALG 53.5±2.5 52.2±4.1c 1.687 0.099 (ns) -2.4

Prote�n 
(g)

NCG 96.7±10.4 151.0±13.8 -31.262 <0.001*** 56.1
ALG 97.6±11.7 92.8±13.7 1.865 0.069 (ns) -4.9

Prote�n 
(g/kgbw/day)

NCG 1.90±0.31 2.20±0.30 -7.528 <0.001*** 15.8
ALG 1.60±0.33 1.50±0.28c 2.371 0.022* -6.3

Prote�n �ntake 
(% energy)

NCG 15.0±1.0 18.7±1.1 -21.597 <0.001*** 24.7
ALG 16.2±1.0 15.1±1.4c 4.868 <0.001*** -6.8

Fat 
(g)

NCG 73.9±11.1 79.0±13.6 -2.914 0.006* 6.9
ALG 72.6±11.0 79.7±15.2 -4.351 <0.001*** 9.8

Fat 
(g/kgbw/day)

NCG 1.30±0.27 1.50±0.25 -4.664 <0.001*** 15.4
ALG 1.20±0.23 1.30±0.25c -3.975 <0.001*** 8.3

Fat �ntake 
(% energy)

NCG 25.0±2.3 21.3±2.2 11.677 <0.001*** -14.8
ALG 26.5±2.8 28.3±2.8c -3.418 0.001*** 6.8

D�etary f�bre �ntake (g) NCG 24.0±9.0 36.3±10.8 -10.853 <0.001*** 50.9
ALG 23.8±7.8 25.9±7.6c -2.034 0.048* 8.9

Values are mean ± SD; pre-post d��erences *: p<0.05, **: p<0.01, ***: p<0.001, ns: not s�gn�f�cant; post-�ntervent�on �nter-group b: p<0.01, c: p<0.001; NCG: nutr�t�on co-
unsell�ng group, ALG= ad-l�b�tum group

Intake were also noted among the NCG, whereas ALG reve-
aled �ns�gn�f�cant decreases �n m�neral �ntake. Further, NCG
reported s�gn�f�cant �ncreases �n v�tam�ns B: 6.6% �n v�ta-
m�n B2 (p=0.028), 5.5% �n B3 (p=0.013), 8.7% �n B5
(p=0.011), 4.5% �n B6 (p=0.001), 7.2% �n B9 (p<0.001), and
20.2% �n v�tam�n B12 (p=0.013). Contrad�ctor�ly, �ns�gn�f�-
cant decreases were recorded among ALG along w�th s�gn�-
f�cant reduct�on of 4.8% �n v�tam�n B2 (p=0.044) and 4.1%
�n B3 �ntake (p=0.049), respect�vely. Also, the NCG exh�b�-
ted �ncreased �ntakes of 14.3% �n v�tam�n A (p=0.005),
17.0% �n v�tam�n C (p<0.001), 7.6% �n v�tam�n E (p<0.001)
and 6.8% �n v�tam�n D (p=0.009); whereas ALG had a s�gn�-
f�cantly decreased �ntake of 4.7% �n v�tam�n A (p=0.034).

Compar�ng b�omarkers’ status (Table 3), NCG d�splayed a
s�gn�f�cant �ncrease of 5.6% �n total serum prote�n
(p<0.001), 3.9% �n haemoglob�n (p<0.001) and 2.9% �n v�ta-

m�n E (p<0.001). They also exh�b�ted �ncreases of 6.0% �n
v�tam�n C (p=0.004), 4.5% �n folate (p=0.004), 4.8% �n fer-
r�t�n (p=0.003) and 4.2% �n calc�um (p=0.009). Serum v�ta-
m�ns B12 (p=0.012) and D (p<0.001) also �mproved to 3.9%
and 12.3%, respect�vely, post-�ntervent�on. However, the
�ncrease �n z�nc was �ns�gn�f�cant �n th�s group. ALG exh�b�-
ted no substant�al changes �n blood b�omarker levels ex-
cept for s�gn�f�cant decreases �n v�tam�ns C (p=0.004) and E
(p=0.010) a�er the �ntervent�on.

Changes were noted �n nutr�t�onal b�omarkers of NCG and
ALG a�er the �ntervent�on per�od. NCG revealed s�gn�f�-
cantly h�gher values for serum calc�um (p<0.001), Hb
(p=0.009), folate (p<0.014), and v�tam�n D (p=0.052). Whe-
reas, the d��erences �n serum z�nc, total serum prote�n, fer-
r�t�n, v�tam�n B12, and v�tam�n C were found to be �ns�gn�f�-
cant (p>0.05).
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Table 2. Compar�son of pre- and post-�ntervent�on m�cronutr�ent �ntakes among NCG and ALG

Parameters Groups Pre-�ntervent�on Post-�ntervent�on Level of s�gn�f�cance p Value % 
Change

Calc�um 
(mg)

NCG 1130±181 1368±148 -7.796 <0.001*** 21.2
ALG 1166±179 1159±100 0.259 0.797 (ns) -0.6

Phosphorus (mg) NCG 2048±297 2495±309 -11.988 <0.001*** 21.8
ALG 1925±339 1902±290 0.545 0.589 (ns) -1.2

Iron 
(mg)

NCG 15.2±3.1 16.6±3.6 -2.681 0.010** 9.0
ALG 15.0±4.3 14.9±3.9 0.256 0.799 (ns) -0.9

Z�nc 
(mg)

NCG 6.15±1.75 6.69±2.16 -1.622 0.112 (ns) 5.5
ALG 6.20±1.86 5.98±1.82 0.762 0.450 (ns) -3.5

Magnes�um 
(mg)

NCG 405±75 428±80 -4.613 <0.001*** 5.7
ALG 398±86 403±75 -0.406 0.687 (ns) 1.2

V�tam�n A 
(µg)

NCG 546±164 624±184 -2.990 0.005* 14.3
ALG 584±121 556±107 2.191 0.034* -4.7

V�tam�n B1 
(mg)

NCG 1.68±0.33 1.76±0.42 -1.837 0.073 (ns) 4.7
ALG 1.52±0.40 1.45±0.36 1.566 0.125 (ns) -4.6

V�tam�n B2 
(mg)

NCG 1.51±0.20 1.61±0.32 -2.273 0.028* 6.6
ALG 1.46±0.30 1.39±0.19 2.079 0.044* -4.8

V�tam�n B3 
(mg)

NCG 12.5±1.6 13.2±1.89 -2.600 0.013* 5.5
ALG 11.3±1.7 10.9±1.6 2.026 0.049* -4.1

V�tam�n B5 
(mg)

NCG 1.03±0.18 1.12±0.23 -2.647 0.011* 8.7
ALG 1.02±0.31 1.00±0.29 0.352 0.727 (ns) -1.9

V�tam�n B6 
(mg)

NCG 0.66±0.16 0.69±0.15 -3.668 0.001*** 4.5
ALG 0.67±0.24 0.61±0.18 1.952 0.058 (ns) -8.9

V�tam�n B9 
(µg)

NCG 208±31 224±28 -4.141 <0.001*** 7.2
ALG 212±46 206±44 1.270 0.211 (ns) -3.1

V�tam�n B12 
(µg)

NCG 0.94±0.38 1.13±0.42 -2.577 0.013* 20.2
ALG 1.02±0.54 0.96±0.44 0.873 0.388 (ns) -5.8

V�tam�n C 
(mg)

NCG 66.7±11.8 78.1±14.7 -4.546 <0.001*** 17.0
ALG 47.0±10.1 49.0±11.0 -1.097 0.279 (ns) 4.3

V�tam�n E 
(mg)

NCG 7.06±1.05 7.60±1.02 -4.628 <0.001*** 7.6
ALG 7.09±0.84 7.12±0.86 1.750 0.086 (ns) 0.4

V�tam�n D 
(µg)

NCG 4.83±1.31 5.16±1.21 -2.744 0.009* 6.8
ALG 4.54±0.70 4.41±0.82 1.895 0.065 (ns) -2.8

Values are mean±SD, *: p<0.05, **: p<0.01, ***: p<0.001, ns: not s�gn�f�cant, NCG= nutr�t�on counsell�ng group, ALG: ad-l�b�tum group

Table 3. Compar�son of nutr�t�onal b�omarkers recorded pre- and post-�ntervent�on, and post-�ntervent�on d��erences among NCG and ALG
Parameters Reference range Groups Pre-�ntervent�on Post-�ntervent�on Level of s�gn�f�cance p Value % Change

Calc�um (mg/dl) 9.2-11.0 NCG 8.85±1.04 9.22±1.01 -2.728 0.009* 4.2
ALG 8.43±0.86 8.36±0.84c 1.788 0.081 (ns) -0.8

Z�nc (µg/dl) 70-150 NCG 78.2±16.6 80.4±15.5 -1.285 0.206 (ns) 2.7
ALG 77.0±8.6 76.3±8.7 -2.352 0.023* -0.9

Total serum prote�n (g/dl) 6.0-8.0 NCG 6.01±0.75 6.35±0.70 -4.107 <0.001*** 5.6
ALG 6.17±0.53 6.13±0.56 0.801 0.428 (ns) -0.6

Haemoglob�n (g/dl) 13.5-15.0 NCG 14.7±0.9 15.3±0.9 -4.426 <0.001*** 3.9
ALG 14.7±0.8 14.8±0.9b -0.416 0.680 (ns) 0.2

Ferr�t�n (ng/ml) 50-300 NCG 60.9±9.9 63.8±10.6 -3.186 0.003* 4.8
ALG 63.0±9.3 62.1±8.9 -2.211 0.032 (ns) -1.4

V�tam�n B12 (pg/ml) 400-700 NCG 516±71 536±57 2.617 0.012** 3.9
ALG 520±78 515±72 -1.177 0.245 (ns) -1.1

Folate (ng/ml) 6-20 NCG 4.85±0.70 5.07±0.67 -3.075 0.004* 4.5
ALG 4.77±0.70 4.70±0.72b -2.521 0.015** -1.5

V�tam�n C (µmol/L) 23-114 NCG 56.0±6.3 59.3±7.6 -3.066 0.004* 6.0
ALG 55.9±7.5 57.5±7.2 -3.093 0.004* 2.9

V�tam�n E (µmol/L) 11.9-30 NCG 26.8±3.1 27.6±3.3 -7.691 <0.001*** 2.9
ALG 27.1±2.9 26.4±2.8 2.705 0.010** -2.5

V�tam�n D (ng/ml) >40.0 NCG 21.2±5.9 23.8±5.7 5.112 <0.001*** 12.3
ALG 22.5±6.7 21.1±6.9a 1.647 0.107 (ns) -6.1

Values are mean±SD, *: p<0.05, **: p<0.01, ***: p<0.001, ns: not s�gn�f�cant; post-�ntervent�on �nter-group a: p<0.05, b: p<0.01, c: p<0.001;  NCG: nutr�t�on counsell�ng
group, ALG: ad-l�b�tum group

In terms of �nterrelat�ons;, haemoglob�n levels were found
to have pos�t�ve correlat�on w�th serum z�nc and total prote-
�n (p<0.01 both) levels, serum ferr�t�n (p<0.05), and v�ta-
m�ns B12, B9 and C (p<0.01 each) plasma levels. Also, da�ly
prote�n (p<0.01) and �ron (p<0.05), and v�tam�n B12 and v�-
tam�n C (p<0.05 both) �ntakes were found to pos�t�vely cor-

relate w�th haemoglob�n levels. Serum calc�um d�splayed
pos�t�ve correlat�on w�th total serum prote�n (p<0.01), and
v�tam�n D (p<0.05) levels. It has also been observed that a
s�gn�f�cant pos�t�ve correlat�on of serum calc�um w�th da�ly
�ntakes of calc�um (p<0.01), phosphorus and prote�n
(p<0.05 both) ex�sted. Serum z�nc was also found to be po-
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s�t�vely and s�gn�f�cantly correlat�ng w�th total serum prote-
�n, v�tam�ns B12 and D (p<0.05 each) levels, along w�th da-
�ly d�etary �ntake of prote�n (p<0.01), calc�um and v�tam�n
B9 (p<0.05 both). Total serum prote�n pos�t�vely correlated
w�th serum ferr�t�n (p<0.01) and v�tam�n D (p<0.05) along
w�th da�ly d�etary �ntakes of prote�n (p<0.01), fat, calc�um,
and v�tam�ns A, B1, B6 and B12 (p<0.05 each). Serum ferr�-
t�n exh�b�ted s�gn�f�cant pos�t�ve correlat�ons w�th da�ly
�ron (p<0.01) and prote�n �ntake (p<0.05). V�tam�n B12 le-
vels pos�t�vely correlated w�th da�ly prote�n and �ron �nta-
kes (p<0.05 both). V�tam�n D pos�t�vely correlated w�th d�-
etary v�tam�n D �ntake (p<0.01). Serum folate also was pos�-
t�vely correlated w�th da�ly d�etary �ntakes of v�tam�n B9
and v�tam�n C (p<0.01 both). Plasma v�tam�n C pos�t�vely
correlated w�th v�tam�n C (p<0.01) �ntake. Plasma v�tam�n E
pos�t�vely correlated w�th da�ly fat (p<0.05) and v�tam�n E
�ntake (p<0.01).

DISCUSSION
Depend�ng on the volume of exerc�se reg�men, carbohydra-
te and prote�n �ntake are enhanced to meet the energy requ-
�rements (17). A�er e�ght weeks of d�etary mod�f�cat�on �n
the present study, the da�ly �ntake recommendat�ons were
met by 88% (8.4±1.2 g/kgbw/day, p<0.001) for carbohydra-
tes, 85% for prote�ns (2.2± 0.3 g/kgbw/day, p<0.001), and
63% for fats (1.5± 0.25 g/kgbw/day, p<0.001), w�th regards to
the standard�zed gu�del�nes set for team game athletes,
whereas before the �ntervent�on NCG were only meet�ng
67%, 73% and 54% of the recommendat�ons, respect�vely.
The NCGs d�splayed s�gn�f�cant �ncreases �n macronutr�ent
�ntake to meet the total calor�e need and create an equ�l�br�-
um �n healthy fat and qual�ty prote�n �ntakes w�th healthy
carbohydrate cho�ces. Add�t�onally, the proport�on of car-
bohydrate: prote�n: fat �ntake changed from 54%:15%:25%
to 57%:19%:21%, wh�ch resulted �n a 16.7% decrease �n fat
mass post-�ntervent�on. Comb�n�ng tra�n�ng reg�men w�th
d�etary mod�f�cat�on can s�gn�f�cantly mod�fy body compo-
s�t�on (17,18).

On the contrary, ALG revealed a 6.3% decl�ne �n prote�n �n-
take (p=0.022) along w�th a 8.3% �ncrease �n the�r da�ly fat
�ntake (p<0.001). Athletes who are prone to m�cronutr�ent
def�c�ts are those who restr�ct overall consumpt�on, �mple-
ment extreme measures for we�ght loss, and reject one or
more food groups from the�r d�et. Th�s was not�ced among
the ALG, as there were �ns�gn�f�cant changes �n da�ly calor�e
consumpt�on dur�ng the curr�culum, suggest�ng that athle-
tes rema�n def�c�ent �n macronutr�ents and m�cronutr�ents
(19).

Changes �n body we�ght atta�ned by both the NCG and ALG
were s�gn�f�cant. FFM and FM are the two most cruc�al com-

ponents for a player's opt�mal health and strength (17). The
body compos�t�on prof�le of the NCG was s�gn�f�cantly pos�-
t�ve, w�th substant�al decreases �n fat rat�o and ga�ns �n fat-
free mass across all athlet�c d�sc�pl�nes. Th�s resulted �n
better FM:FFM rat�os. The reduct�on �n FM desp�te h�gher
energy �ntake �s l�kely due to a change �n the rat�os of calo-
r�e contr�but�on by macronutr�ents comb�ned w�th a strate-
g�cally des�gned exerc�se rout�ne. The comparat�ve results
a�er the �ntervent�on per�od dep�cted NCG to have a more
favourable macronutr�ent d�str�but�on than that of ALG,
wh�ch further m�ght have resulted �n s�gn�f�cant favorable
changes �n the BCM/FFM rat�o and a lower fat percentage �n
the former.

Furthermore, energy �ntake rose, but shortfalls �n �ntake
(200-300 kcal/day) may have contr�buted to NCG fat mass
decreases. Overall we�ght �ncreases were supported by s�g-
n�f�cant �ncreases �n FFM, BCM, total body prote�n and MM,
wh�ch resulted �n proport�onal �ncreases �n the�r BCM/FFM
rat�os and glycogen stores. Th�s �s �mportant for �mprov�ng
phys�cal f�tness prof�les of athletes (2). The present study
revealed a s�gn�f�cant �mprovement �n fat rat�o and act�ve
cell mass �n the stud�ed populat�on follow�ng a d�etary �n-
tervent�on programme. However, the ALG recorded s�gn�f�-
cant decreases �n BCM/FFM, prote�n and MM, as well as s�g-
n�f�cantly ra�sed FM across all sports d�sc�pl�nes. Th�s sug-
gests that extra body fat accumulat�on �s contr�but�ng to
�ncreased we�ght. Performance parameters have not been
stud�ed, but the �mprovement �n fat rat�o and act�ve cell
mass �s cons�stent w�th prev�ous research (20).

Blood b�omarkers for athlet�c excellence �nclude prote�ns,
metabol�tes, m�nerals, electrolytes, and other molecules.
Def�c�ts such as energy, prote�n, v�tam�n D, and calc�um can
negat�vely a�ect overall health and body funct�on (21). Re-
search has revealed that NCG w�th �ncreased energy and
prote�n consumpt�on can lead to �ncreased calc�um and v�-
tam�n D �ntakes, wh�ch can lead to s�gn�f�cant �ncreases �n
total serum prote�n, calc�um, v�tam�ns D and B12. Stud�es
have also shown an �nverse �nterrelat�onsh�p between v�ta-
m�n D levels and body fat rat�o (22). It �s speculated that for
�nd�v�duals w�th excess body fat, prov�tam�n D3 rema�ns
trapped deep w�th�n the�r r�g�d subcutaneous fat wh�ch
subsequently �mpa�rs the convers�on of v�tam�n D3 to
25(OH) D (20). Athletes w�th lower body fat mass had h�gher
v�tam�n D concentrat�ons, wh�ch are essent�al for calc�um
uptake and �ncorporat�on �nto bone (23). Increased �ntake
of calc�um, phosphorus, and v�tam�n D among NCG may
have resulted �n �ncreased calc�um concentrat�on �n blood
(24).

D�etary mod�f�cat�on through �ron-r�ch foods �s recommen-
ded to ensure opt�mal �ron �ntake and ma�nta�n �ron status
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(3). Increased prote�n �ntake, such as organ meat, poultry,
and legumes, has been l�nked to �mproved �ron status �n
the NCG. Serum ferr�t�n levels have also �mproved, sugges-
t�ng healthy �ron stores. V�tam�n C �ntake also fac�l�tates
�ron absorpt�on, correlated w�th plasma status and preva-
lence of def�c�ency (25). The poor �ron and v�tam�n C �ntake
among the ALG may be the reason for no s�gn�f�cant chan-
ges �n the�r haemoglob�n and ferr�t�n concentrat�ons. Imp-
lementat�on of controlled d�etary mod�f�cat�on recommen-
ded to NCG resulted �n s�gn�f�cant �ncreases �n the �ntake of
prote�n and �ron, v�tam�ns B9, B12 and C, wh�ch synerg�st�-
cally m�ght have resulted �n �mproved total serum prote�n,
haemoglob�n, and v�tam�n B12 levels. Th�s correlat�on �s �n
l�ne w�th prev�ously done stud�es dep�ct�ng a d�rect propor-
t�onal relat�onsh�p of haemoglob�n level w�th da�ly �ntake
of d�etary prote�n, �ron, v�tam�n B12 and v�tam�n C (26,27).

Nutr�t�onal b�omarkers such as serum z�nc, prote�n and fer-
r�t�n have a pos�t�ve correlat�on w�th haemoglob�n levels
(28). V�tam�ns B12, folate and C have been l�nked to the oc-
currence of d��erent types of anaem�a (29,30). Serum calc�-
um levels are assoc�ated w�th total serum prote�n, as obser-
ved �n th�s study (31). The pos�t�ve br�dg�ng between calc�-
um and v�tam�n D �s essent�al for the body to ma�nta�n suf-
f�c�ent levels of v�tam�n D to regulate calc�um homeostas�s
(4). Th�s study found assoc�at�ons between serum z�nc, v�-
tam�n D, total serum prote�n and v�tam�n B12, wh�ch are es-
sent�al for enzymes �nvolved �n DNA synthes�s, m�tos�s, cell
d�v�s�on and prote�n synthes�s (27,29).

Prote�n, calc�um, folate and v�tam�n D r�ch foods are a good
source of z�nc, and total serum prote�n and ferr�t�n both
have a d�rect proport�onal relat�onsh�p w�th d�etary prote�n
�ntake. Total serum prote�n levels also prov�ded a parallel
l�nk w�th serum ferr�t�n and v�tam�n D (31). Depleted �ron
stores can a�ect ferr�t�n levels, and d�etary �ron �ntake has
been l�nked to the same (27). V�tam�n B12 levels are pos�t�-
vely correlated w�th serum z�nc, prote�n, and �ron �ntake
due to �ts presence �n an�mal food sources (29). Folate and
v�tam�n C levels �n blood are correlated w�th d�etary v�ta-
m�n C �ntake, but v�tam�n E has a s�gn�f�cant pos�t�ve corre-
lat�on w�th da�ly fat �ntake more than d�etary v�tam�n E (32).
Improved nutr�t�onal prof�le and adequate d�etary �ntake by
athletes are essent�al for balanc�ng nutr�t�onal b�omarkers
and �mprov�ng performance.

Th�s study revealed that controlled d�etary mod�f�cat�on
among NCG resulted �n s�gn�f�cant �ncreases �n macro- and
m�cronutr�ent �ntake as observed �n prev�ous researches,
wh�ch may have resulted �n better blood levels of total se-
rum prote�n, haemoglob�n, serum ferr�t�n, plasma z�nc, se-
rum calc�um and v�tam�n B12 (33). Furthermore, comparat�-
ve results between the NCG and ALG post-�ntervent�on d�sc-

losed s�gn�f�cant d��erences only �n the blood levels of cal-
c�um, Hb, and v�tam�n D. A�er the complet�on of the �nter-
vent�on per�od, NCG was found to have opt�mal blood le-
vels of calc�um, z�nc, total prote�n, Hb, ferr�t�n, and v�ta-
m�ns B12, C and E, whereas the values captured for folate
and v�tam�n D were found subopt�mal, leav�ng space for
�mprovement. On the other s�de, ALG dep�cted borderl�ne
values for serum z�nc and total prote�n levels along w�th
s�gn�f�cantly def�c�ent blood levels of calc�um, folate and
v�tam�n D, wh�ch collect�vely s�gn�f�es the�r da�ly d�et to be
lack�ng �n prote�n sources, supported by the poor contr�bu-
t�on of prote�n to total da�ly calor�e �ntake.

Further, the body compos�t�on prof�le was markedly pos�t�-
ve among the NCG post-�ntervent�on, w�th s�gn�f�cant re-
duct�ons �n fat rat�o and ga�ns �n fat-free mass. S�m�larly,
among the ALG, s�gn�f�cant decl�nes �n BCM/FFM and MM,
along w�th ra�sed FM, suggest �ncreases �n we�ght contr�bu-
ted by extra body fat accumulat�on. Our study contr�butes
to the body of ev�dence that athletes �ntervened w�th cont-
rolled d�etary mod�f�cat�on amel�orate body compos�t�on
prof�le and blood b�omarkers that plays a p�votal role �n
athlet�c performance (34)

The ma�n l�m�tat�on of th�s study was that the meals were
served from a central�zed k�tchen although the d�etary re-
commendat�on was �nd�v�dual�zed at the athlete level.
Compl�ance was checked through verbal commun�cat�on,
but close mon�tor�ng of �nd�v�duals' da�ly d�etary �ntake on-
ground was a challenge and was not exclus�vely controlled.

CONCLUSION
Th�s study revealed enhanced blood levels of nutr�t�onal b�-
omarkers a�er e�ght-weeks of controlled d�etary
mod�f�cat�on.
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