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flavonoids and antioxidant activity of infusion tea produced from Ventilago denticulata
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Abstract

This study aimed to investigate the effect of brewing temperature (70, 80, 90 and 100 °C), time (1, 3, 5, 10 and 15
minutes) and method of tea infusion (bagged tea, potted tea and filtered tea) on the amount of phenolics, tannins,
flavonoids and antioxidant activity in Ventilago denticulata Willd. herbal tea. The results revealed that total phenolics,
tannins, flavonoids and % antioxidant towards DPPH radical scavenging activity increased significantly with
increasing brewing temperature and time, with the maximum value at 100 °C within 10 minutes. After this brewing
time, the chemical contents were not significantly different (p>0.05). Furthermore, the content of phytochemicals in
bagged tea were greater than those of potted and filtered tea (p<0.05). Values of Pearson’s correlation coefficient
suggested that total phenolics, tannins, flavonoids and antioxidant activity were significantly correlated to brewing
time and temperature (r > 0.8). In conclusion, the results of this study gave the best brewing conditions for Ventilago

denticulata Willd. herbal tea thereby optimizing the extraction of phenolics, tannins, flavonoids and antioxidant
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activity. Consequently, the color and sensory acceptance by consumers under these conditions will be an interesting

future study.

Keywords: Herbal Tea, Ventilago denticulata Willd., Tea Infusion, Phenolics, Antioxidant Activity

UNUI

TIEYUINT (Herbal tea) tdunmsihiwayulnsuiniiu
nszuaumInsavh s swasfiulumund win
ildmsdialuwinten °maaguvlwnﬂuﬁﬁwmﬂluﬂagﬁu
Lﬁaaa'ml,ﬂum‘%'aoﬁuLﬁaqﬂumw INNITANBINDIN
mayu‘lwmmMﬁ(ﬂﬁmsﬁ’mawaﬁmﬂuﬂ%mmga

laganizadnsbsfluadn (Phenolics) waznanliuasd

(Flavonoids) a1Ln%i (Catechin) lugﬂmﬁmm%u
(Epicatechin) Launalaa1indu (Epigallocatechin)
unalaaindu (Gallocatechin) LAZL@RANUNTULAALA
(Epicatechin gallate) Wusnswarnuaa (Flavanols) ﬁl
Jaaglunguwarliuasd wisenasundnadieituan
lalaslagunuiiunsanauaudunuiiu (Non-hydrolysed
tannins/Condensed tannins) mﬂumjwmm%u uans
ﬁwﬁmﬁdwa@ia & nanu LLazsamawm@mam (Wang
etal., 2000 ; Pérez-Burillo et al., 2018) mimmuumlﬁmu
RIS ELEEER HM fimsiialsatasifiinannanuiden
Ya9iwas anlamanaiiausss lsawnnu lsamla
uaznaalaa LJueaw (Kumamoto et al.,, 2001 ; Tgnnns
lasaus, 2560) aﬁwqtufnaama&gﬂmﬁuﬁumiﬂizﬂau
ﬁwuluﬁm&;ﬂwsﬁmmwam fhadnagn TAud waz
mensluanes ﬁﬂ’%mmﬂml’mauﬁga  RHESEVE VT
nazdumIrnnualaiansn HaunaunduLia g
Houuafiiay FUSINIENIEUAANIIWAS prostaglandin
E2 uazaislRuaunduaune (McKay & Blumberg, 2006 ;
Velikovi€ et al., 2013) T1luag (Pluchea indica (L.)

a Lo &
Less) Wazan bUn3iaw (Morus alba L.) Sandeiudaian ol

waarngladiaauazuaaniazluag vildaanisden
aslulawnsauaznsgadunglas HRATEILTIN AL
WRaald (33 eFua uazamuz, 2561 ; auid @387 uaz
MYaw WANIEAN, 2562) TlUNNIA TIHAAAIINAY
Tafia S funenszirotisamoanudaniauastielu
MIUBWARL (Navarra et al., 2015) a8 lshiany YSunm
mm‘ﬁulummgluvl,m%uﬁunﬁu‘i%mwﬁm mwaqu"l,waﬁ'

NAALUULA LI UTIUNILRE T NN TZ U NN TV 1A

winagiuaeudvsunmenndutasninmduazues
6’1’%@mum:mumwﬁﬂLLa:Lﬁwﬂﬁﬁ‘%maaﬂe‘Bmﬁuasm
Lﬁuﬁﬁﬂmﬁﬂmim\mfpjmﬁﬁQﬂ%{éTma%aﬁm:ga%u
1T 13leWaNIu (Teaflavins) iaz303% (Thearubigin)
uaz A louudu (Theasinensin) WDudn (Cabrera et al.,

2003 ; Vuong, 2014)

739ULeN (Ventilago denticulata Willd.) Lﬂuasguvlws
Anun1snianans wusnnludiuainzinie é1ina
thninia Tandauunys figntnaende Troaaludu
saanuaulafia aaszduinmaluden Tuaune 1o
Ia3ryams uisaulu (Faculty of Pharmacy Mahidol
University, 1996) ANNNIANBI8Y Srimoon et al. (2020)
wuin wlussueseuusiinasddedtidsaiuniinaa
ude7 FUSumansUszneuiuedin Warluasd uay
unuiin 88-94 AARNIUNIALNAANGANTY, 63 UaANTH
shudaniu uaz 89-91 JadnFunsaunuindaniy aiu
f1au LLa“ﬁqw?;ﬁuﬁy'aaum‘éas“aﬁﬁl,am (DPPH) 'la3ag
82 50 (IC_) AenuLTuTy 0.03 AadniudalanaasiNay
NURIIN am‘[maaﬂm HoAeseiasdsznevvesansh
wululusauas wunsaldslnangdn nsandiadn nia
lesuudln nIaWazdn NIALNAAN \A85TA I uae
ANNTYH uanmnf‘tﬁ'&ﬁméﬁuﬁtaLauvLsnﬁLLaanzvlmaa
LLﬂ:LLaaW’mQIﬂgﬁmaﬁﬁ’] IC_ 3-4 uaz 11-13 JaanTu6o
UaRENT NaAY iﬂaLmagﬂﬁ,ﬂﬂLLﬂigﬂLﬂu"mmg‘u"Lm
I(ﬂﬁm%ﬁaqmuﬁﬁ%m%mluéwmamwzm%mu‘lﬁ%’u
Hundafmsiniladnuanionaadmet (OTOP)

athalsfieny solngimsfinwuAsiumayulus
srfnwAsITunswamInIzUIRnsHaalum Aina 1w
FINUBBYADRILFIY AANIFAUAIVBIFNTENNTY Ul
ﬂimmmsmm °nNuﬂﬂﬂmauu"lwmﬂlmuuanmn
A UAUNTTUITANTHAALED TUABUNITITIEMTL Y
ﬂumuﬁﬁﬂ@mNa@iaﬂ%mmmimua%aﬁaiﬂuﬁ']m
e Tadulunsssm loun qmﬁqﬁmaaﬁw naluns
FIT VWIAVDI LT muﬁv'agml,uumaamsm %ONANL
UnadatFnuaIdiuanadaIzua Sellnadew NAw ez
IRTAVRITIDNAL (Liu et al., 2018; Pérez-Burillo et al.,
2018) 9t sl,umﬁé'ﬂﬁﬁuﬁi’@qﬂszmﬂ‘lﬁaﬁﬂmNamaa
qmvxgﬁfmLLa:nmﬁmeﬂmNum wazgLuuuveIns
297 IR MTTITML LT TBINT I8 MTTITIML
1y s lssnsinm LLazﬂﬁ"na"mT@ﬂl"ﬁmmmm Aflda

a

USunosiuadn Wanliuaud unuiln was Qﬂﬁmuaum

adaaAa

ANNLDD ‘nwmaLmvﬁmmauwuﬁszmwﬁ% BNAN©

d

Warnan s imansanlun ST alﬁ;ﬁu’ﬂn alasu
Urlomigegannmsaumayulnsluniuas



Vol 42. No 3, May-June 2023

Effect of temperature, time and brewing method on phenolic compounds,

tannins, flavonoids and antioxidant activity of infusion tea produced...
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Figure 1 Ventilago denticulata Willd.: (a) living tree,

(b) young leaves, (c) tea samples for potted tea and
filtered tea, (d) blended tea samples for bagged tea
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4.3 mazslaglurlugensasn (Filtered tea)
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Figure 2 Brewing method: (a) bagged tea,
(b) potted tea, (c) filtered tea
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Table 1 Total phenolics, total tannins, total flavonoids and %DPPH radical scavenging activity of Ventilago
denticulata Willd. herbal tea in different infusion method, time and temperature (n=3)
Infusion Temperature Brewing time (min)
Compounds o
method (°c) 3 5 10 15
70 1.26+0.04*" 3.12+0.04°° 5.75+0.07%° 8.24+0.03** 9.37+0.01%°
80 1.910.02"" 3.60+0.01°? 5.89+0.04°° 9.02+£0.03™  9.77+0.04**
Total phenolics (mg GAE/g)
90 2.84+0.02%" 7.57+0.03%° 6.10+0.04"° 14.47+0.38%  15.62+0.22°°
100 4.94+0.06"" 8.35+0.03% 14.21+0.11%°  17.56+0.45%  18.45+0.21%°
70 1.28+0.04*" 3.1620.04°° 6.65+0.09*° 8.61+0.01** 9.48+0.01%°
80 1.94+0.03"" 3.10+0.04%* 6.61+0.11*° 9.13+0.03"* 9.89+0.04"*
Total tannins (mg TE/g)
90 2.87+0.02%" 6.46+0.27"% 9.97+0.05*°  14.90+0.07°*  15.82+0.22°°
Bagged 100 4.97+0.01""  846:0.03°*  14.39:x0.11%°  18.16x0.29"*  18.96+0.12"
tea 70 0.68+0.20*" 1.42+0.05*2 1.86+0.03*2 5.97+0.41°°  11.18+0.09™*
80 2.05+0.15"" 4.36+0.39"2 4.97+0.25"2 7.61£0.27°°  17.95+0.54*
Total flavonoids (mg RE/g)
90 1.82+0.26"" 4.17+.22°2 10.27+0.32°°  13.58+0.24%*  14.74+0.35°°
100 4.21+0.08%" 8.11+0.40%° 6.03+0.10%°  13.45+0.38°*  19.28+0.14°°
70 11.05+¢2.56>"  12.1120.83*"  18.22+0.41**  38.19+0.68*°  39.08+1.05*°
b,1 a,2 b3 b4 b,5
% DPPH radical scavenging 80 14.81+0.26 12.99+0.83 26.55+0.33 40.26+2.06 45.31+0.86
activity 90 24.18+0.23%"  22.56+0.73°?  34.63+0.30°°  46.83+1.83°*  60.41+1.07*°

100 34.04+0.20%"

32.63+0.64°°  43.13+0.26°°  53.74+1.59**  67.62+0.31°°
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Table 1 Total phenolics, total tannins, total flavonoids and %DPPH radical scavenging activity of Ventilago

denticulata Willd. herbal tea in different infusion method, time and temperature (n=3) (cont.)

Brewing time (min)

Infusion Temperature
Compounds o
method (°C) 1 3 5 10 15
70 1.32+0.06*" 2.81+0.08%* 4.9240.01*° 6.49+0.14%* 7.64+0.08°°
80 3.38+0.08"" 4.12+0.03"" 6.55+0.17"* 7.09+0.04°* 9.00+0.18"°
Total phenolics (mg GAE/g)
90 6.53+0.03%" 9.93+0.04°>  10.20+0.07°%  11.22+0.02°°  11.62+0.20°°
100 7.69+0.15%" 11.92+¢0.06%%  12.85+0.04">  13.84+0.33"*  15.01+0.02%°
70 1.42+0.04*" 2.40+0.03%* 5.59+0.01%° 7.06+0.15%* 8.31+0.09°°
80 3.68+0.08"" 3.96+0.08"" 7.21+0.02°* 8.41+0.21"* 9.79+0.20°*
Total tannins (mg TE/g)
90 7.100.03°%" 8.20+0.21°° 11.10£0.08"°  12.43+0.23°*  13.69+0.39°°
Potted 100 6.1820.27°"" 11.55+0.09%*  14.07+0.19%°  1527+0.04"*  16.32+0.24*°
tea 70 0.4620.11>" 1.13+0.02** 1.63+0.12%? 4.93+0.02*°  10.00+0.42**
80 1.37+0.19"" 3.39+0.36"* 4.07+0.04"2 6.30+0.31>°  12.18+0.56"*
Total flavonoids (mg RE/g)
90 1.43+0.17"" 3.07+0.12°2 6.70+0.02°° 10.68+0.59°*  12.51+0.10°°
100 2.98+0.02%" 4.96+0.02°° 5.10+0.08%* 9.97+0.15°°  13.55+0.26°*
70 9.89+0.83" 9.48+0.86™" 17.00+0.19**  31.83+0.69*°  37.22+1.11**
% DPPH radical scavenging 80 14.52+¢0.89°"  15.38+0.88""  31.30+1.13°*  33.36+0.37*°  43.89+2.20"*
activity 90 23.07+0.80%"  26.15+2.95°°  41.60+1.96°°  52.15+4.23°*  61.39+1.92°°
100 24.16+1.21°"  25.9140.23%"  47.76+0.35"°  58.31+0.16°°  64.90+0.77**
70 0.85+0.03%" 1.02+0.02*" 3.45+0.01%? 4.25+.05%° 4.42+0.02*°
80 0.92+0.03*" 1.03+0.02*" 3.86+0.03"* 4.65+0.05>° 5.01+0.02°°
Total phenolics (mg GAE/g)
90 1.11+0.07*" 1.47+.02" 4.84+0.05 5.05+0.03°° 6.09+0.13%°
100 1.24+0.03*" 3.86+.07°° 5.1120.01%° 8.59+0.29 8.99+0.38%
70 0.86+0.03*" 1.03+0.02*" 3.50+0.02%* 4.30+0.05** 4.48+0.02*°
80 0.93+0.03*" 1.04+0.02*" 3.91+0.03"* 4.71£0.05>° 5.07+0.02°°
Total tannins (mg TE/g)
90 1.13+0.07*" 1.49+0.02*" 4.94+0.04% 5.34+0.09°° 6.68+0.16°°
Filtered 100 1.85:0.08™"  3.61x0.10"°  5.1840.01°°  8.590.40"°  9.33:0.02%°
tea 70 0.29+0.02*" 0.88+0.07%? 1.34+0.20™ 3.81+0.21%° 7.62+0.45%*
80 0.92+0.07"" 2.75+0.21°? 3.24+0.25"* 5.11+0.36"° 9.26+0.49"*
Total flavonoids (mg RE/g)
90 1.29+0.10"" 2.54+0.20"* 5.31+0.41°° 9.37+0.23%*  10.43+0.26°°
100 2.48+0.19% 4.09+0.32% 4.22+0.33% 8.54+0.48"°  11.77+0.31%*
70 6.37+2.69°" 10.38+1.87**  13.92+0.43*°  35.17+0.23**  36.10+0.44**
% DPPH radical scavenging 80 12.2240.44°"  16.69£0.77°"  20.84%1.09°°  41.33:0.21°*  42.17:0.39™
activity 90 21.08£0.39°"  22.28+0.25°"  28.83+0.98°  37.51+0.36°>  47.55+0.36°°
100 21.8740.39%"  23.06+0.25°"  33.84+0.52%°  42.51+0.33°°  51.64+1.12*"

Different letters indicate statistically significant differences (p<0.05) within the same column and the compound
Different superscript numbers indicate statistically significant differences (p<0.05) within the same line
% DPPH radical scavenging activity of standard Trolox = 76.811:0.84%
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Figure 3 Total phenolics, total tannins, total flavonoids and %DPPH radical scavenging activity in tea in different brewing

time and temperature; (a)-(d)=bagged tea, (e)-(h)=potted tea, (i)-(I)=filtered tea
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(d) total flavonoids, in tea at 100 °C with different brewing time
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Pearson correlation coefficient of Ventilago denticulata Willd. herbal tea with difference infusion method,

Infusion method Total phenolics

Total tannins

Total flavonoids %DPPH radical scavenging

Relationship among brewing time

Bagged tea 0.8881 0.8744 0.9127 0.9110
Potted tea 0.8041 0.8442 0.9599 0.9126
filtered tea 0.8086 0.8290 0.9629 0.9450
Relationship among brewing temperature

Bagged tea 0.9350 0.8856 0.8327 0.6375
Potted tea 0.9296 0.9018 0.9126 0.5584
filtered tea 0.9323 0.8937 0.8727 0.5979
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Standardized karyotype and idiogram of striped flying barb (Esomus metallicus) by
conventional staining and Ag-NOR banding techniques
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Abstract

Karyotype and standard ideograms of Striped flying barb (Esomus metallicus) which were collected from Huai Seng
Reservoir, Surin Province were studied. 10 males and 10 females were selected for investigation. Chromosomes were
prepared from kidney by squash technique and were stained by conventional staining and Ag-NOR banding techniques.
The results showed that the diploid number of Striped flying barb was 2n= 50 and the fundamental number (NF)
was 78 in both male and female. The karyotype consisted of 2 large submetacentric, 4 large acrocentric, 12 medium
submetacentric, 10 medium acrocentric and 22 medium telocentric chromosomes. The NORs bearing chromosomes
were detected on the short arm of the large acrocentric chromosome pairs 8" . In addition, there was no difference in
the sex chromosomes between male and female. The karyotype formula of Striped flying barb is as follows: 2n (50)

=Lm+La+Msm +Ma+Mt
2 4 12 10 22

Keywords: Esomus metallicus, Karyotype, Chromosome, Idiogram
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Figure 1 Metaphase chromosome plate of Striped flying barb (Esomus metallicus, 2n = 50)

by conventional staining, scale bar indicates 10 pm.
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Mean length of short arm (Ls), length of long arm (LI), length of total length (LT), Relative Length (RL),

Centromeric Index (Cl), chromosome size and chromosome type of Striped flying barb.

Chromosome Pair Ls LI LT RL+SD ClzSD Size Type

1 49.72 64.46 114.18 0.0501+0.0006 0.5645+0.0036 Large metacentric

2 36.67 61.92 98.60 0.0432+0.0005 0.6280+0.0071 Medium submetacentric
3 35.70 60.61 96.32 0.0422+0.0005 0.6293+0.0074 Medium submetacentric
4 32.71 53.28 85.99 0.0377+0.0008 0.6196+0.0076 Medium submetacentric
5 32.65 52.87 85.52 0.0375+0.0007 0.6182+0.0081 Medium submetacentric
6 30.85 48.89 79.74 0.0350+0.0008 0.6131+0.0091 Medium submetacentric
7 25.42 44.39 69.81 0.0306+0.0010 0.6358+0.0119 Medium submetacentric
8* 23.28 108.25 131.54 0.0577+0.0003 0.8230+0.0135 Large acrocentric

9 24.68 95.05 119.74 0.0525+0.0006 0.7939+0.0144 Large acrocentric
10 23.95 80.99 104.94 0.0460+0.0007 0.7718+0.0157 Medium acrocentric
11 21.62 79.71 101.34 0.0444+0.0004 0.7866+0.0160 Medium acrocentric
12 20.75 64.29 85.04 0.0373+0.0006 0.7560+0.0173 Medium acrocentric
13 22.67 58.63 81.31 0.0356+0.0007 0.7211+0.0154 Medium acrocentric
14 17.79 52.21 70.00 0.0307+0.0011 0.7458+0.0224 Medium acrocentric
15 0.00 102.69 102.69 0.0450+0.0009 1.0000+0.0000 Medium telocentric
16 0.00 99.88 99.88 0.0438+0.0008 1.0000+0.0000 Medium telocentric
17 0.00 98.75 98.75 0.0433+0.0008 1.0000+0.0000 Medium telocentric
18 0.00 91.29 91.29 0.0400+0.0007 1.0000+0.0000 Medium telocentric
19 0.00 89.06 89.06 0.0390+0.0008 1.0000+0.0000 Medium telocentric
20 0.00 85.52 85.52 0.0375x0.0007 1.0000+0.0000 Medium telocentric
21 0.00 82.47 82.47 0.0362+0.0005 1.0000+0.0000 Medium telocentric
22 0.00 79.27 79.27 0.0348+0.0005 1.0000+0.0000 Medium telocentric
23 0.00 80.28 80.28 0.0352+0.0004 1.0000+0.0000 Medium telocentric
24 0.00 75.19 75.19 0.0330+0.0005 1.0000+0.0000 Medium telocentric
25 0.00 72.48 72.48 0.0318+0.0003 1.0000+0.0000 Medium telocentric

Note: * NOR bearing chromosomes
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Figure 2 Metaphase chromosome plate of Striped flying barb (Esomus metallicus, 2n = 50)

by Ag-NOR banding technique, scale bar indicates 10 um, arrows indicate nucleolar organizer regions.
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conventional staining and Ag-NOR banding techniques, The clearly observable nucleolar organizer regions/NORs, (arrow).

Tabel2  Comparative karyological studies of family Danionidae

Species 2n NF Karyotype formula NOR References
Boraras maculate 50 92 12m+30sm+4st+4t 5% ADURNA URsAD (2552)
B. urophthalmoides 50 94 18m+26sm+2st+4t 5% ADURNN URZAUE (2552)
Esomus metallicus 50 86 14m+22sm+14a Neeratanaphan et al. (2017)
E. metallicus 50 68 8m+10sm+30a+2t 2 Aiumsumang et al. (2021)
E. metallicus 50 78 2m+12sm+14a+22t 2 ﬂ’liﬁn‘t&’lﬁ
Danio regina 50 74 14m+10sm+16st+10a el ABUANA (2540)
Devario aequipinnatus 50 96 14m+32sm+4t Khuda-Bukhsh et al. (1986)
D. aequipinnatus 50 96 8m+28sm+10st+4t Magtoon & Arai (1994)
D. aequipinnatus 50 96 6m+34sm+6st+4t Sukham et al. (2013)
D. devario 50 96 12m+24sm+10st+4t Khuda-Bukhsh et al. (1986)
D. devario 50 100 10m+40st/a Fontana et al. (1970)
D. laocensis 50 66 6m+10sm+34a 2 Aiumsumang et al. (2021)
D. malabaricus 50 100 10m+40st Fonténa et al. (1970)
Hardie & Hebert (2004)
D. regina 50 68 6m+12sm+32a 2 Aiumsumang et al. (2021)
D. yuensis 50 98 10m+26sm+12st+2t Sukham et al. (2013)
Rasbora agilis 50 100 24m+26sm el ABUANR WA (2552)
R. aurotaenia 50 100 14m+26sm+2st+8a in3pdlng Faziug uaz indan nupd (2547)

R. aurotaenia 50 100 14m+26sm+2st+8a Seetapan & Moeikum (2004)
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Tabel 2  Comparative karyological studies of family Danionidae (cont.)
Species 2n NF Karyotype formula References
R. borapetensis 50 88  24m+14sm+12t TIT AAUANA Uaz avud WANIFNINT (2548)
R. buchanani 50 100 30+m+18sm+2st Manna & Khuda-Bukhsh (1977)
R. daniconius 50 90 32m+8sm+2st+8t TIT ABUANA UAT atiud WAnganIng (2548)
R. daniconius 50 80 18m+6sm+6st+20t Khuda-Bukhsh (1979)
R. dorsiocellata 50 92 18m+24sm+8t fneli ADURND USRS (2552)
R. einthovenii 50 100  16m+18sm+16a widu Buay uazAmz (2562)
R. myersi 50 100  20m+14sm+6st+10a bnel} AOUFNS LAY BT mﬂxsju (2545)
R. paviei 50 100 10m+24sm+16st ek ADUANA LU ATes mmju (2545)
R. retrodorsalis 50 100 26m+10sm+2st+12a el ADURNA LA BIkiTe, mmju (2545)
R. rubrodorsalis 50 82 16m+16sm+18t fneli ADURNN UAAUS (2552)
R. sumatrana 50 92 26m+16sm+2st+6a et} ADURNA URE WDy mﬂ@qiu (2538)
R. trillineta 50 92 26m-+16sm-+2st+6t DIT ABUANA UAT atiug WRNINIDWT (2548)

Abbreviations: diploid chromosome number (2n), fundamental number (NF), metacentric (m), submetacentric (sm), acrocentric (a),

subtelocentric(st), telocentric (t), Nucleolar Organizer Region (NOR).
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Abstract

Cryptococcus neoformans is an important pathogenic fungus causing cryptococcosis in humans and animals. This
pathogen is usually found in avian droppings. Zoonotis infection occurs by inhalation of the fungus into the respiratory
tract and causes pneumonia. The fungus can disseminate to the central nervous system and cause meningitis which
can be life threatening. For active surveillance and prevention of C. neoformans in Nakhon Ratchasima Zoo, Thailand,
either from bird to bird or bird to person, the present study investigated the incidence of C. neoformans in droppings
of various captive birds in this zoo in April 2021. Dropping samples were collected from 29 avian species in various

taxonomic groups which comprised cranes (5 species), pheasants (8 species), hornbills (4 species), parrots (4 species),
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storks (3 species), pelican (1 species), vulture (1 species), and flightless birds including emu, cassowary, and penguin

(1 species each). A total of 67 fresh avian dropping samples were isolated on Sabouraud dextrose agar (SDA) with

chloramphenicol and sunflower seed extract. No colony of C. neoformans was found in all samples. Nevertheless,

active surveillance for C. neoformans should be performed continuously.

Keywords: Cryptococcus neoformans, Cryptococcosis, Sabouraud dextrose agar (SDA), Sunflower seed extract

Introduction

Cryptococcus neoformans is an important pathogenic
encapsulated yeast which causes cryptococcosis in
humans and animals (Maziarz & Perfect, 2016). This
fungus is found worldwide in environments such as
soil, decaying wood, tree hollows, and avian droppings
which results in potential zoonotic transmission (Rosario
et al., 2008). Infection commences after inhaling its
basidiospores into the lungs of the host. The spores are
deposited in alveoli and terminal bronchioles and cause
pneumonia. The fungus can disseminate to the central
nervous system and cause meningitis which can be life
threatening especially in HIV/AIDS patients (Maepa, 2019).
The incidence of cryptococcosis in AIDS is high, around
18.5%, which is the third most common opportunistic
infection in AIDS in Thailand following tuberculosis and
pneumocystis pneumonia (Chariyalertsak et al., 2001).
The annual number with cryptococcal infection globally
is high (almost 300,000) (Rajasingham et al., 2017). In
addition, C. neoformans resistant to antifungal drugs
has been increasingly reported worldwide
(Tangwattanachuleeporn et al., 2013; Kobayashi et al.,
2005).

C. neoformans can be classified into 3 varieties
with 5 serotypes based on polysaccharide capsular
structure: C. neoformans var. grubii (serotype A), C.
neoformans var. gattii (serotype B and C), C. neoformans
var. neoformans (serotype D), and hybrid of serotypes A
and D (serotype AD) (Levitz, 1998; Franzot et al., 1999;
Nelson & Lodes, 2006; Ito-Kuwa et al., 2007). In 2002,
C. neoformans var. gattii was reclassified as another
species, C. gattii, which is associated with eucalyptus
trees (Kwon-Chung et al., 2002). According to previous
studies, these two species have distinct differences in
epidemiology, ecology, molecular patterns, geography,
and clinical characteristics (Kwon-Chung et al., 2014;
Faganello et al., 2009).

A zoo is a potential source of various infectious
diseases such as bacterial, mycobacterial and fungal
infections (Ahasan et al., 2008). There are many reports
showing that animals in zoos suffered from cryptococcosis.
A report of Bauwens et al. (2004) revealed cryptococcosis
in rodents and lizards of Antwerp Zoo, Belgium. All the
isolated strains were identified as C. neoformans var.
neoformans serotype A (Bauwens et al., 2004). In Asia,
a report of Ahasan et al. (2014) showed animals in
Dhaka Zoo, Bangladesh, such as monkeys and antelopes
suffered from cryptococcosis. Clinically, affected animals
manifested frequent cough and anorexia, weakness
followed by death. Necropsy findings showed granulomatous
lesions of the affected organs (Ahasan et al., 2014).
There is a report of Caicedo et al. (1999) indicating that
birds are reservoirs of C. neoformans. This investigation
used a sunflower seed agar culture medium for fungus
isolation which showed the presence of C. neoformans
in bird excreta (prevalence = 0.9%) and in the air
circulating inside cages (prevalence = 0.7%) in the City
Zoo of Cali, Colombia. All isolates were C. neoformans
var. neoformans (Caicedo et al., 1999). In Thailand,
there is a report of Keerativasee et al. (2008) about
C. neoformans in avian droppings from Zoo. The periods
of sample collection were in winter and summer
(December 2005 to May 2006, respectively). A total of 97
avian dropping samples from 27 avian species in Chiang
Mai Zoo showed a 1.03% prevalence of C. neoformans.
One strain was isolated from red-billed hornbill
droppings (Order Bucerotiformes) (Keerativasee et al.,
2008). Although there are many reports of associations of
C. neoformans with avian species, cryptococcosis in birds
is rare. A report of Griner and Walch (1978) demonstrated
C. neoformans from digestive tract of healthy birds in San
Diego Zoo, United States (Griner & Walch, 1978). According
to these reports, C. neoformans rarely affects captive
birds in zoos but can cause epizootic infections in other

animals and zoonotic infections in humans.
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There are several reports showing that pigeons
(Order Columbiformes) are the major reservoir for
C. neoformans. Their droppings and dusts are potential
sources of C. neoformans transmission to other hosts.
However, C. neoformans can be found in other birds such
as passerine birds (Order Passeriformes), psittacine birds
(Order Psittaciformes), Hornbills (Order Bucerotiformes)
and others (Rosario et al., 2008; Tangwattanachuleeporn
et al., 2013; Gonzalez-Hein et al., 2010; Caicedo et al.,
1999; Keerativasee et al., 2008; Griner & Walch, 1978).

In laboratory, culture is the gold standard for
cryptoccocosis diagnosis (Prariyachatigul et al., 1996).
C. neoformans can grow on most standard media used
for fungal isolation except media with cycloheximide
(Kwon-Chung & Bennett 1992). For fungal isolation
according to Pal et al. (1990) SDA is a suitable medium
for fungal culture (Pal et al., 1990). Sunflower seed
extract comprises phenolic and polyphenolic compounds
as precursors of melanin pigment which can be utilized
in phenoloxidase activity by cryptococcal yeasts which
show as brown-pigmented colonies. (Krema et al., 2018).
Chloramphenicol can inhibit other organisms especially
bacteria. SDA with chloramphenicol and sunflower seed
extract is useful to identify and differentiate cryptococcal
colonies from other yeasts (Pal et al., 1990; Krema
et al., 2018). For confirmatory testing, matrix assisted laser
desorption/ ionization-time of flight mass spectrometry
(MALDI-TOF MS) was high accuracy and enables quick
and easy identification of ( McTaggart et al., 2011).

Northeast region of Thailand was reported to
have the highest percentage of cryptococcosis in AIDS
patients in Thailand (Chariyalertsak et al., 2001). Thus,
this region is an interesting area in which to study C.
neoformans. In 2021, the prevalence of C. neoformans
was 1.2% in pigeon droppings at Nakhonratchasima
College, Nakhon Ratchasima province, northeast region
of Thailand (Thunyaharn et al., 2021). This incidence
emphasizes the occurrence of this fungus in Nakhon
Ratchasima province. To extend the study of the incidence
of C. neoformans, the present study was designed to
perform active surveillance for this fungus in the Nakhon
Ratchasima Zoo, located near the college, where might
contain public environmental reservoirs of C. neoformans

in Nakhon Ratchasima province.
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Materials and methods

Sample collection

The fresh avian droppings were collected in
cages of 29 captive bird species (Figure 1) from Nakhon
Ratchasima Zoo, Thailand, during April 2021.

Each sample of avian droppings was at least 5 g collected
using a sterile plastic spatula (Figure 2) and placed in
a sterile plastic container labeled with site and date of

collection (Figure 2).

Sample processing and isolation for C.
neoformans

All samples were processed within 4 hours of col-
lection. Approximately 1 gram of samples was suspended
vigorously in 5 mL of saline solution (0.85% NaCl) with
penicillin G (4 mg/mL) (Figure 2) and allowed to settle
for 30 minutes at room temperature. Each sample was
inoculated using a sterilized cotton swab and cultured
on a selective medium which was Sabouraud dextrose
agar (SDA) containing chloramphenicol (0.05 mg/mL) and
sunflower seed extract (45 mg/mL) (Figure 2), incubated
at 37 °C according to the method of Pal et al. 1990 (Pal
etal., 1990). Selective media were used for quality control
by standard strains of Candida albicans ATCC10231 and
C. neoformans ATCC90112 as the positive control, and
Escherichia coli ATCC25922 as the negative control. The
media were daily observed for brown mucoid colonies of

C. neoformans for 3 days.

Identification

The suspected brown mucoid colonies, which
grew on the selective medium, were picked up and
sub-cultured on SDA. The pure cultures were identified
by India ink preparation and urease test as well as the
method of Canteros et al. (1996), and then C. neoformans
and C. gattii were differentiated by culture on canavanine
glycine bromothymol blue (CGB) agar following the
method of Kwon-Chung et al. 1982 (Kwon-Chung et al.,
1982). According to the method of McTaggart et al. (2011)
MALDI-TOF MS was used to identify species of organism.
The colonies were smeared on the target and irradiated
with the laser. The matrix absorbed power from the
laser resulting in protein ionization. The detection ionized
proteins spectra in the region 2,000 to 20,000 m/z were
compared with protein spectra profile analysis to confirm

identity as C. neoformans (McTaggart et al., 2011).
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Results and discussion

A total of 67 avian droppings from 29 captive
bird species were collected from Nakhon Ratchasima
Zoo as shown in Table 1. All samples showed colonies
of various microorganisms but colonies of C. neoformans
was absent (Figure 2). C. neoformans was not found in
this study and might be considered for many reasons.
First, samples were collected using plastic spatulas
scooping on the fresh parts of avian droppings. The
fresh droppings were collected as same as the study of
Keerativasee et al. (2008) (Keerativasee et al., 2008).
However, the samples might contain various organisms
which can grow alongside the fungus. To solve this
problem, the samples were kept in sterile containers.
Specimens were processed within 2 hours using saline
solution with penicillin G to reduce bacterial contamination.
This method is similar to that described in the study of
Keerativasee et al. (2008) (Keerativasee et al., 2008)
which discovered C. neoformans in avian droppings. In
the laboratory, isolation of C. neoformans by the culture
method is the gold standard (Prariyachatigul et al., 1996).
According to the method of Pal et al. (1990) SDA with
sunflower seed extract as a plant supplement supports
growth of C. neoformans, preventing / limiting growth of
other organisms from unsterilized samples. Therefore, this

medium with the supplement is very sensitive and highly
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specific for C. neoformans (Pal et al., 1990; Krema et
al., 2018). However, the present study revealed various
organisms such as bacteria and other yeasts that grew
on the media (Figure 2) and might inhibit C. neoformans

according to the suggestion of Pal et al. (1990).

Besides, lack of a more extensive sampling might
be another reason. The present survey was conducted in
April representing the summer season. Interestingly, the
presence of C. neoformans in avian droppings is related to
seasonal variations. A study of Chae et al. (2012) reported
significantly different prevalence of C. neoformans in
avian droppings between fall and spring seasons (Chae
et al., 2012). However, Kuroki et al. (2004) reported
C. neoformans from chicken faces in dry season higher

than rainy season. (Kuroki et al., 2004).

In the present study, C. neoformans might be
absent in the zoo because of high standards of
sanitization. The studies of Caicedo et al. (1999) and
Keerativasee ef al. (2008) reported that the prevalence
of C. neoformans in avian droppings was 0.9% from the
City Zoo of Cali, Colombia (Caicedo et al., 1999), and
1.03% from Chiang Mai Zoo, Thailand (Keerativasee
et al., 2008). These previous studies suggested adequate
cleaning and disinfection were the key factors of

C. neoformans absence in zoos possibly.

Table 1 Isolation of C. neoformans from avian droppings collected in Nakhon Ratchasima Zoo, in 2021

Order (bird groups) and species (common name) No. of collected sample No. of positive sample % positive

Gruiformes (Cranes)
Antigone antigone (Eastern sarus crane) 24 0 0
Anthropoides virgo (Demoiselle crane) 1 0 0
Balearica regulorum (Grey crowned crane) 1 0 0
Balearica pavonina (Black crowned crane) 1 0 0
Grus paradise (Blue crane) 1 0 0

Galliformes (Pheasants)
Lophura nycthemera (Silver pheasant) 4 0 0
Lophura ignita (Crested fireback) 1 0 0
Numida meleagris (Guinea fowl) 1 0 0
Rollulus rouloul (Crested partridge) 1 0 0
Syrmaticus reversii (Reeves’s pheasant) 1 0 0
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Table 1 Isolation of C. neoformans from avian droppings collected in Nakhon Ratchasima Zoo, in 2021 (cont.)

Order (bird groups) and species (common name) No. of collected sample No. of positive sample % positive
Polypectron bicalcaratum (Grey peacock-pheasant) 2 0 0
Argusianus argus (Great argus) 1 0 0
Pavo muticus (Green peafowl) 1 0 0

Bucerotiformes (Hornbills)

Buceros rhinoceros (Rhinoceros hornbill) 4 0 0
Anthracoceros albirostris (Pied hornbill) 3 0 0
Buceros bicornis (Great hornbill) 2 0 0
Rhyticeros undulates (Wreathed hornbill) 2 0 0

Psittaciformes (Psittacines)

Eclectus roratus (Eclectus parrot) 3 0 0
Melopsittacus undulates (Zebra parakeet) 1 0 0
Psittacus erithacus (African grey parrot) 1 0 0
Psittacula eupatria (Rose-ringed parakeet) 1 0 0

Ciconiiformes (Storks)

Ciconia episcopus (White-necked stork) 1 0 0
Eudocimus ruber (Scarlet ibis) 1 0 0
Mycteria cinerea (Milky stork) 1 0 0

Pelecaniformes (Pelicans)

Pelecanus philippinensis (Spot-billed pelican) 1 0 0

Accipitriformes (Vultures)

Sarcogyps calvus (Red-headed vulture) 1 0 0

Casuariiformes (Ratites)

Casuarius casuarius (Southern cassowary) 2 0 0

Dromaius novaehollandiae (Emu) 1 0 0

Sphenisciformes (Penguins)

Sphenicus humboldti (Humboldt penguin) 2 0 0

Total 67 0 0.00
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Figure 1 Example of captive birds, in Nakhon Ratchasima Zoo, which were included in this study;
A: Eastern sarus crane (Antigone antigone), B: Eclectus parrot (Eclectus roratus),
C: Guinea fowl (Numida meleagris), D: Great hornbill (Buceros bicornis),
E: Cassowary (Casuarius casuarius) and F: Humboldt penguin (Sphenicus humboldti)

Figure 2 Sample collection, processing and isolation for C. neoformans; A: A fresh portion of avian dropping was

collected using a plastic spatula, B: Avian dropping storage in sterile containers, C: Samples in 0.85% NaCl with
penicillin G, D: Isolation on Sabouraud dextrose agar (SDA) with sunflower seed extract and chloramphenicol,
E: Colonies of various organisms grow on the selective SDA.
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It has been acknowledged that pigeons (Order
Columbiformes) are the major reservoirs of C. neoformans
(Lugarini et al., 2008; Mirpourian et al., 2021; Bertout
et al., 2022). However, the present study investigated
29 captive bird species in 9 taxonomic groups of birds;
cranes, pheasants, hornbills, psittacines, storks, pelicans,
vultures, ratites, and penguins (Table 1). The negative
results for C. neoformans in 5 bird groups (cranes,
pheasants, storks, pelicans, and vultures) are similar to
the report of Keerativasee et al. (2008) (Keerativasee
et al., 2008). However, the present study had negative
results for C. neoformans in 2 bird groups (psittacines
and hornbills), whereas previous reports showed the
prevalence of C. neoformans in psittacines and
hornbills was 6.67% (Lugarini et al., 2008) and 11.11%
(Keerativasee et al., 2008) respectively. However,
there have been several reports in Thailand indicating
that pigeon droppings were the common habitat of
C. neoformans (Khayhan et al., 2018; Sriburee et al.,
2004; Krangvichain et al., 2016) similar to the reports
in many countries (Weber & Schéafer 1991; Nielsen
etal., 2007; Oh & Hwang 2005). These reports suggested
that taxonomic group, especially pigeons, were important

factors relating to the presence of C. neoformans.

However, the quality of captive animal
management should not be overlooked. A report of Gilad
et al. (2015) did not find Cryptococcus spp. in environments
and animals from a zoo in Israel, although this zoo
imported animals that were introduced from Australia.
A previous study discussed that captive animal
management is important to prevent Cryptococcus spp.
(Gilad et al., 2015).

In the present study, fungal identification was
confrmed using MALDI-TOF MS. However, molecular
techniques such as multiplex PCR (lto-Kuwa et al., 2007)
and DNA sequencing (Kaocharoen et al., 2013) should
be considered for further epidemiology study. These
techniques not only distinguish between C. neoformans
and C. gattii but also identify Cryptococcus spp. and their

serotypes.

In summary, C. neoformans was negative in the
present study because of possible factors such as avian

dropping collection, sanitization, bird species, and quality
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of animal captivity. However, the active surveillance of
C. neoformans in zoos should be concerned about these
factors, and should be employ an adequate number of

samples relating to each captive bird species.
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Abstract

The objectives of this research were to investigate chemical composition and a-amylase and a-glucosidase Inhibitory
activities of water and ethanolic crude extracts of Borassus flabellifer L. male flowers. The size of residues was
compared by Scanning Electron Microscopy (SEM) technique and elemental contents were compared by Energy
Dispersive X-ray Spectroscopy (EDS). The results showed that the main element was carbon (C) following by oxygen
(O), chlorine (Cl) and potassium (K), respectively. The particle size of water and ethanolic crude extracts were 70.31
and 78.96 |lm, respectively, and the particle size was quite uniform. The determination of phenolic compounds in
Borassus flabellifer L. male flowers and water and ethanolic crude extracts showed tannin had the highest content at

712.88, 617.81 and 588.04 mg/kg, respectively, followed by gallic acid, isoquercetin, quercetin, catechin, rutin and
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apigenin, respectively. These results demonstrated that Borassus flabellifer L. male flowers and crude extracts were

good sources of antioxidants. The Inhibitory effect of crude extracts to inhibit a-amylase and a-glucosidase was

investigated. Water and ethanolic crude extracts revealed better inhibitory effects for a-glucosidase than the positive

control, but the inhibition of a-amylase was lower than the positive control. In addition, the inhibitory effect of water

crude extract was better than that of ethanolic extract. Therefore, Borassus flabellifer L. male flowers have potential

use in the treatment of diabetes.

Keywords: Borassus flabellifer L. male flowers, extracts, a-amylase inhibitory activity, a-glucosidase inhibitory activity
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Polyphenolic compound (mg/kg) of Borassus flabellifer L. male flowers and extracts.

Content (mg/kg)

Polyphenolic compound

Borassus flabellifer L. male flowers

Water crude extract Ethanolic crude extract

Gallic acid 212.61 138.55 302.15
Eriodictyol ND ND ND
Apigenin 22.14 27.27 25.11
Isoquercetin 120.76 89.37 59.27
Kaempferol ND ND ND
Quercetin 111.38 140.69 170.44
Hydroquinin ND ND ND
Rutin 59.79 72.63 72.82
Catechin 100.32 88.95 66.97
Tannic acid 712.88 617.81 588.04

ND = Not Detected
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Table2 Element content (%) of Borassus flabellifer L. male flowers and extracts by Energy Dispersive X-Ray
Spectroscopy (EDS) technique.
Content (%)
Element
Borassus flabellifer L. male flowers Water crude extract Ethanolic crude extract
c 63.94 £ 4.0 49.99 + 7.69 64.69 + 2.07
o 30.91 + 4.56 23.64 + 6.06 27.42 +5.08
Na 0.41+0.18 0.98 + 0.28 0.32 £ 0.08
Mg 0.320.17 1.14 + 0.31 0.06 £ 0.02
Al 0.32 £ 0.04 0.42 £ 0.13 0.52 + 0.34
Si 0.44 + 0.53 0.10  0.02 0.14 + 0.04
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Table 2  Element content (%) of Borassus flabellifer L. male flowers and extracts by Energy Dispersive X-Ray
Spectroscopy (EDS) technique (cont.)
Content (%)
Element
Borassus flabellifer L. male flowers Water crude extract Ethanolic crude extract
P 0.28  0.29 0.730.23 -
S 0.39+0 - -
Cl 1.73 £ 1.11 11.44 + 5.54 3.80 + 1.94
K 1.74 £ 1.26 11.55 + 6.22 268+ 1.94
Ca 0.30 £ 0.11 0.43 £ 0.11 -
Cu 0.27 £ 0.10 - 0.67 + 0.63
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Figure 1 Particle characteristics of (a) Borassus flabellifer L. male flowers powder (b) water crude extract

(c) ethanolic crude extract by Scanning Electron Microscope (SEM) at 500X
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Table 3

and extracts
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Type and content of monosaccharides and disaccharides (g/100 g) in Borassus flabellifer L. male flowers

Content (g/100 g)

Monosaccharides & disaccharides

Borassus flabellifer L. male flowers

Water crude extract Ethanolic crude extract

Fructose 0.74 ND 0.91
Glucose ND ND ND
Lactose ND ND ND
Maltose ND ND ND
Sucrose ND ND 0.77
Total sugars 0.74 ND 1.68

ND = Not detected
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Table4 a-amylase and a-glucosidase Inhibitory activities of Borassus flabellifer L. male flowers and extracts.
Sample a-glucosidase Inhibitory activity, ICW (Mg/mL) 0O-amylase Inhibitory activity, IC50 (ng/mL)
B. flabellifer L. male flowers 7.76 £ 0.05 519.30 + 4.97
Ethanolic crude extract 14.87 £ 0.05 958.74 + 3.23
Water crude extract 2.25 +0.00 177.16 + 3.96
Acarbose 46.03 £ 0.19 66.75 + 0.89
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Abstract

This quasi-experimental study aimed to determine the effects of yoga exercise on health-related physical fitness among
overweight students in primary school. The samples consisted of 32 overweight students between 10 and 12 years old,
whose body mass index was greater than or equal to 23. They were sampled using a multistage sampling technique.
The experimental procedure was 8 weeks of yoga exercise (weeks 1-4 with hot yoga exercise and 3-8 weeks with
cold yoga exercise), and health-related physical fitness was measured before and at the end of the 4th and 8th weeks
by the standard X-scan plus Il. The descriptive statistics were percentage, mean, and standard deviation to describe
gender, age, and body mass index. The inferential statistic was a repeated measure one-way ANOVA used to analyze

the variability of health-related physical fitness before exercise, after the 4" and 8" weeks; statistical significance was
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set at the 0.05 level. The results showed that the subjects had a mean age of 10.90 years old. Most of them were

overweight (62.50%) or obese (37.50%). When comparing the variability of health-related physical fitness, the mean

body mass index statistically significantly decreased by 0.64 kg/m’. The means of flexibility, long jump distance, and

60 seconds sitting up, whose statistical significance increased by 4.45 cm, 17.66 cm, and 7.35 times/min, respectively.

The researcher analyzed yoga postures to identify the postures according to the exercise of primary school students.

Therefore, teachers should be applying yoga postures to promote health-related learning that is most suitable.

Keywords: Overweight students, Yoga exercise, health-related physical fithess.
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Influence of yoga exercise on health-related physical fitness of

overweight students in primary school
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Table 1 Demographic characteristics of overweight students (n=32)
Variables N (Percentage) Variables N (Percentage)

Sex Age (year)

Male 17 (57.33) 10 13 (40.63)

Female 15 (42.67) 11 9 (28.13)
Body mass index (Kg/.m?) 12 10 (31.25)
Overweight (23-24.99) 20 (62.50) X =10.91 (0.86) Min-max (10-12)
Obese (25-40.61) 12 (37.50)

X = 28.69 (3.01) Min-max (23.10-40.60)
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muaalaas
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o
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Table 2  Heart rate during exercise (n=32)

J Sci Technol MSU

Before Week 4 Week 8
Variable (X, SD) (X, SD) (X, sD)
Before After Before After Before After
82.81 160.86 95.77 163.57 81.00
Heart rate 159.46 (4.21)
(5.45) (2.89) (5.44) (6.21) (4.96)

Table 3  Health-related physical fitness of overweight students (n=32)

Before Week 4 Week 8
Variables _ _ _
(X, SD) (X, SD) (X, SD)
Body mass index (Kg/m2) 28.69 (3.30) 28.08 (3.07) 28.05 (3.17)
Flexibility (cm) 0.89 (5.19) 4.20 (4.01) 5.34 (2.86)
Long jump distance (cm) 92.18 (15.28) 104.06 (14.08) 109.84 (12.56)
60 seconds sitting up (time) 12.21 (5.58) 17.25 (4.75) 19.56 (4.28)
Lean body mass (%) 44.80 (6.76) 44.61 (6.51) 44.95 (6.46)
Soft lean mass (%) 41.09 (6.15) 40.94 (5.92) 41.25 (5.88)
Skeletal muscle mass (%) 20.65 (5.06) 20.49 (4.60) 20.50 (4.49)
Body fat (%) 20.42 (5.76) 19.69 (5.27) 19.85 (5.14)
Percentage body fat (%) 30.91 (3.76) 30.31 (3.35) 30.34 (3.45)

Table 4  The variability of health-related physical fitness before exercise, after the 4™ and 8" weeks 8 (n=32)

Within group Source SS df MS F P

Body mass index Time 8.26 2 28.52 4.91 0.01**
Error (time) 52.15 62 4.13

Heart rate Time 279.33 2 21.53 6.46 <0.001*
Error (time) 1339.83 62 139.66

Flexibility Time 339.87 2 45.29 60.48 <0.001**
Error (time) 174.20 62 169.93

Long jump distance Time 5185.93 2 550.84 132.56 <0.001*
Error (time) 1212.72 62 2592.96

60 seconds sitting up Time 897.06 2 68.21 226.20 <0.001*
Error (time) 122.93 62 448.53

" Repeated measure one-way ANOVA "~ Kruskal - wallis one - way ANOVA
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