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Abstract 
The study was aimed to investigate the associated mycobiota and their effect on the quality of Triphala powder. Results 
showed the presence of various fungal species in commercially available Triphala powder with varying degree of CFU (colony 
forming unit) and frequency of occurrence. Aspergillus was recorded as the most dominant genus with five species. A large 
variation in quantity of phytoconstituents was observed among commercially available Triphala powder samples. Artificially 
infested samples showed the variation in the level of therapeutically important phytoconstituents after different storage 
periods. The study proved the role of fungal species in depletion of phytoconstiuents during storage although the capability to 
degrade the phytoconstituents varied from species to species. 
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INTRODUCTION 
Triphala powder is one of the most widely used herbal 
laxative and rejuvenating tonic of Indian system of 
medicine [1]. It is easily available in the global herbal 
market and can also be prepared at home [2]. It is a 
powdered mixture of dried fruit pulp of three important 
myrobalans i.e. Emblica officinalis Gaertn., Terminalia 
belerica Roxb. and Terminalia chebula Retz. in equal 
proportion [3]. This secret formula for the maintenance of a 
healthy digestive system is described in the ancient books 
on Ayurveda, the Charak Samhita and Susruta Samhita 
which date back to 1500 B.C. [4]. The power behind 
Triphala’s benefits comes from the ingredients that make 
up the formula [5]. According to Ayurveda, Triphala 
powder is a safe and non habit forming formulation hence 
can be recommended for all age groups [6]. It corrects 
constipation, cleanses and tonifies the gastrointestinal tract, 
detoxifies the whole body and improves digestion and 
assimilation [7]. Triphala further aids in digestion by 
eliminating toxins from the intestinal tract [8]. Triphala is 
also effective in weight loss, for those who suffer from 
obesity [9]. Being a rasayana (a herb associated with 
rejuvenation), it arrests aging, enhances intelligence, 
memory, strength, youth, luster, sweetness of voice and 
vigor [4] According to Ayurvedic practitioners, daily use of 
Triphala promotes appetite and ensures good digestion. It is 
also proven highly effective as  anti-inflammatory [10], 
anticancer [ 1, 11-14] antimutagenic [15], radioprotective 
[16], antidiabetic [17], antioxidant [18-20], 
hepatoprotective [21], immunomodulatory [22], wound 
healer [23,24]  and anti-aging agent [4]. The major 
chemical compounds reported from this formulation are 
phenolics (25-38%) comprising mainly of tannin (~35%), 
gallic acid (3%-7%), elagic acid (~2 %), chebulagic acid (~ 
5%), chebulinic acid (~5%) and ascorbic acid (0.050-
0.33%)  [8, 6, 25]. Polyphenols have already been proven 
as a major therapeutic constituent of Triphala [6, 11, 15]. 
The purgative action of Triphala is also believed due to 

polyphenolic constituent, chebulagic acid [4]. Ascorbic 
acid is another important therapeutic constituent of 
Triphala. Beside its well known antioxidant potential, it is 
reported to act as a cofactor for the synthesis of collagen 
during healing of dermal wound [23]. Triphala is believed 
to be responsible for low incidence of pancreatic cancer 
among the Indian population [14]. The role of ascorbic acid 
to act as an antitumor agent against ovarian, pancreatic and 
glioblastoma xenografts in mice is well studied [26]. But 
being a combination of three different fruits, Triphala is 
rich in nutrients that make it highly vulnerable to fungal 
invasion and contamination. Various kinds of 
microorganisms normally adhere to raw materials [27] 
which may act as supplementary contaminants because no 
sincere attention is paid during handling of these raw 
materials except washing. The direct presence of inoculums 
of fungi in or on raw or processed plant materials may not 
be that much harmful. But under favorable conditions i.e. a 
relative humidity of at least 65 %, moisture content of 
>13% [28], the inoculums of storage fungi may germinate 
on products and start consuming such products for growth 
and development, thereby causing undesirable changes of 
varied nature in the raw material or processed products 
including quality of nutrients, loss of active therapeutic 
constituents, poisoning of the products by production of 
mycotoxins, reduction in shelf life and finally loss of 
potency and market value [29, 30]. Therefore an attempt 
was made to study the role of these fungi on the quality of 
Triphala powder. A special emphasis was given upon their 
role in the depletion of therapeutically active 
phytoconstituents and nutrients.  

MATERIALS AND METHODS 
Experimental material 
On the basis of a survey carried out in five major cities of 
Gwalior District. Top ten best selling and most popular 
brands among common people with latest manufacturing 
dates were collected from the market of Gwalior district, 
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Madhya Pradesh, India during September–November, 2010 
and subsequently analyzed for various parameters during 
January-April, 2011. Collected samples were coded as 
‘Mult.D’, ‘Mult.B’, ‘Mult.Z’, ‘Mult.DI’, ‘Reg.B’, ‘Reg.U’, 
‘Reg.S’, ‘Loc.1’, ‘Loc.2’ and ‘HP’. After noting product 
related details (date of Mfg), pH, moisture content and 
physical appearance of Triphala powder, all the samples 
were analyzed for the associated mycobiota. This was 
followed by quantitative estimation of therapeutically 
active constituents (total phenolics, tannin, and ascorbic 
acid) and some important nutrients (total soluble sugar and 
protein). 
To study the effects of these fungal contaminants on the 
concentrations of therapeuticay important phytonstituents, 
fresh samples of Triphala powder with latest manufacturing 
dates (October, 2011) were collected during December, 
2011 and study was performed during January-June, 2012. 
 
Methods 
Measurement of pH. 5% suspension of Triphala powder 
was prepared in distilled water, shaken constantly for one 
hour. pH of the suspension was measured using an 
electronic pH meter ( MK-V). Each sample was analyzed in 
triplicate. 
 
Measurement of moisture content. 2 g powder of 
Triphala churn was taken in previously dried and tarred flat 
weighing bottle in triplicate and kept in the oven at 105 oC. 
Dried until two consecutive weighing do not differ by more 
than 5 mg [31]. Total moisture content was calculated by 
the formula: 
% Moisture content  

= Initial weight – Final weight    × 100 
Initial weight 

 
Morphological analysis of Triphala powder. Triphala 
powder sample was examined morphologically under 
magnifying glass for their physical appearance like; color, 
powder fineness and the presence of any visual clumps 
  
Isolation and identification of mycobiota. Fungi were 
isolated from the Triphala powder samples by pour plate 
technique, using Czapek Dox agar media (pH 7.3) 
supplemented with chloramphenicol. Under aseptic 
condition 1gm sample was suspended in 9 ml of sterilized 
distilled water and serial dilutions were made up to 10-5. 
One ml aliquot of each sample from appropriate dilution 
was poured in sterilized petri plates (in triplicate) and 
appropriate amount of media was added in petri plates and 
mixed well. After solidification, plates were incubated at 
25±2o C and growth of fungal colonies was recorded at 
various time intervals. After seven days of incubation 
period, pure culture of each fungal isolate was prepared by 
using PDA media for identification purpose.  
 
Colony forming units per gram (CFU/g) were calculated 
using following formula: 
CFU = N×10-n   

where N= Total number of colonies, n= dilution 

Whereas frequency of occurrence (FO) was calculated 
using the formula: 
FO = number of sample containing a fungal species/total 
number of samples evaluated×100 
Isolated fungal species (each fungal isolates) were 
identified on the basis of morphology (shape, size, growth 
rate and color of the colonies) and microscopic 
characteristics (characteristics of mycelium, size, shape, 
color and arrangement of conidia, spore, conidiophores, 
sporangiophores, vesicle, sterigmata etc.) as described by 
Thom and Raper [32] Gilman [33] Barnett [34] Jamaluddin 
et al. [35] Samson et al.[36, 37] 
 
Estimation of phytoconstituents. Therapeutically 
important phytoconstituents (total phenolics, tannin, and 
ascorbic acid) along with some nutritional components 
(total sugar and protein) were analyzed during the study. 
The active constituents were selected on the basis of their 
therapeutic values whereas the nutrients were selected due 
to their potential to act as an indicator of fungal growth and 
metabolism.  
Analysis of total phenolics and tannin was carried out in 
accordance with the Makkar et al. [38] whereas ascorbic 
acid was estimated by a titrimetric method as suggested by 
Roe [39] Total sugar and protein was estimated by the 
standard method as proposed by Dubois et al. [40] and 
Lowery et al. [41] respectively. All the experiments were 
performed in triplicates and the results were expressed in 
percentage on dry matter basis. 
 
Study of effect of storage fungi on Triphala powder. To 
study the effect of storage fungi on herbal formulation, 
fresh samples of Triphala powder were infested with spores 
of frequently occurring fungal species.  As Triphala is 
retailed and consumed in powder form, therefore to imitate 
the exact market and retailing condition ‘dry inoculation 
technique’ as described by Coutinho et al. [42] with some 
modification was used during this experiment. 
After preliminary studies of various brands of Triphala 
powder available in the market, the least contaminated 
(total CFU<102), most rich in term of phytoconstituents and 
overall superior among all tested brands in term of various 
other quality parameters was selected (manuscript 
communicated). Samples of the selected brand of the same 
batch with latest manufacturing dates were procured in 
bulk. Triphala powder of each pack was emptied into a 
sterilized container in aseptic conditions and mixed well for 
uniformity. Prior to infestation with test fungi, pH, 
moisture content, powder appearance, Total CFU and the 
initial concentrations of therapeutically important 
phytoconstituents and  nutrients of Triphala powder  were 
estimated  (in triplicate) using standard methods. To avoid 
the loss of heat sensitive phytoconstiuents and to maintain 
the integrity and consistency of powder, samples were 
refrained from sterilization. 
 
Selection of test organisms and amount of inoculums. 
On the basis of frequency of occurrence, three most 
commonly occurring fungal species viz. Aspergillus niger, 
A. fumigatus and A. flavus were used as test organisms 
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during the investigation. While amount of inoculum (105 
spores /g) was set on the basis of highest total CFU 
reported from the commercially available Triphala powder 
samples available in the market. 
 
 Preparation of inoculums. 6 mm disks from seven day 
old cultures were taken with the help of cork borer and 
shaken for 2 minutes in 10 ml of distilled water. After 
removal of disks, suspension was filtered through Whatman 
filter paper followed by drying. Spores were collected 
using brush and mixed with Triphala powder in the ratio of 
105 spores /g. Spore count was calculated by counting the 
approximate number of spores in one 6 mm disk of each 
fungal species by suspending the disk in 10 ml of distilled 
water followed by  shaking and subsequently counting the 
spores/ ml with the help of haemocytometer.  
 
Inoculation of test fungi. Four groups containing packs of 
50 g of Triphala powder in triplicate were prepared. The 
first group was inoculated with spores of  Aspergillus 
niger; second with A. flavus and third with A. fumigatus. 
The fourth group without any fungal inoculum was kept as 
control. 
Samples of Triphala powder were inoculated with a dried 
spore mass of the test fungi (1× 105 spores/g) and mixed 
well for uniform distribution of spores that was ensured by 
visualizing the Triphala powder (mounted on glass slides in 
glycerin drop) under binocular microscope at 400X . Each 
group (in triplicate) of infested Triphala powder samples 
were sealed with paraffin wax to make containers air tight 
to reproduce the actual retailing conditions of Triphala 
powder. Control without any test fungi was also 
maintained. All the infested samples along with control 
were stored at room temperature (30-32 oC). Phytochemical 
analysis of all the infested samples and control was 
performed in triplicates at various intervals i.e. at the 
interval of one, three and six months (30, 60 and 180 days) 
of storage period.  Final results of each time interval/ 
storage period were compared with initial readings. 
 
Statistical analysis. One way ANOVA at p < 0.05 
followed by Tukey HSD test was used to determine 
significance level and Pearson‘s correlation coefficient was 
performed to test the correlation between various factors 
using the Minitab-16 software. 
 

RESULTS 
pH, moisture content and appearance of Triphala 
powder 
As Table 1 shows, pH of the samples was in the range of 
3.67 -6.24 whereas percent moisture content was recorded 
in between 4.16-7.49%. Except one sample with 
exceptionally high pH, not much variation was observed in 
pH of the rest of the samples. While a good variation was 
observed in percent moisture content of Triphala powder 
samples. Color of collected samples was found to range 
between khaki to dark brown.  
 
 
 

Associated mycobiota of Triphala 
During present investigation, samples of various brands of 
commercially available Triphala powder were found 
contaminated with varied number of fungal species with 
total CFU ranging  from 1.66×103 to 7.33×105. As depicted 
in Table 2 & 3, a total seven fungal species viz.  
Aspergillus niger, A. flavus, A. fumigatus, A. nidulans, A. 
wentii, Alternaria alternata and Curvularia lunata were 
isolated from the samples of Triphala powder during the 
study. Among these, Aspergilli were the most dominant 
with 5 species. A. niger was recorded as the most prevalent 
fungal species with frequency of occurrence of 80% and 
CFU range of 3.3×102 to 2.66×104. This was followed by A. 
fumigatus (50%; 3.3×102-1.33×105), A. flavus (30%; 1×103-
1.33×105), A. nidulans (20 %; 6.6×102-6.66×105), A. 
alternata (20%; 3.3×104-1.33×105), Curvularia lunata 
(10%; 3.3×104) and A. wentii ( 10%; 1.33×103). The 
majority of the samples were with fungal load of > 103 

CFU/g . 
 
Phytoconstituents of Triphala 
A significant variation (p<0.05) in a concentration of 
therapeutically important phytoconstituents  was observed 
among the samples of various brands (Table 4). The 
percent concentration of total phenolics (tannic acid 
equivalent) was found in between 21.96±0.45 to 40.99± 
1.70 %. The highest concentration of total phenolics was 
recorded from Triphala powder samples ‘Mult.Z’  
(40.99±1.70%) and least concentration was recorded  in the 
samples ‘HP’ (21.96±0.45%). Similarly in case of tannin, 
concentration was recorded in the range of 18.83±0.61 
(HP) to 36.86±1.49% (Mult.Z). The concentration of the 
ascorbic acid was recorded in between 0.041±0.002 
(‘Loc.1’) to 0.159±0.005 %  (‘Reg.B’). While the highest 
concentration (13.32±0.14) of total sugar was recorded 
from the sample ‘Loc.2’ and minimum (3.22±0.88) from 
sample Mult.B. Protein concentration (in term of bovine 
serum albumin) of Triphala powder samples was recorded 
in the range of 6.86±0.25 (Mult.B)  to 10.90±0.60 % 
(‘HP’).   
 
Effect of fungal contaminants on Triphala powder 
Three dominant fungal species viz., Aspergillus niger, A. 
flavus and A. fumigatus, isolated earlier from the Triphala 
powder were selected during the investigation to study the 
effect of these storage fungi on  phytochemical properties 
of Triphala powder. 
A generalized results revealed that besides the natural loss 
of phytoconstituents during storage, fungi have a capability 
to metabolize certain phytoconstituents for their growth and 
development. Although capability varied from species to 
species. During present investigation significant difference 
(p< 0.05)  in a concentration of certain phytoconstituents 
was observed during storage of 30, 60 and 180 days,  in the 
infested samples as compared to control and initial 
readings. 
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Table 1 The pH, moisture content and color of collected Triphala powder samples 
 Triphala Powder Samples 

 
Mult. 

D 
Mult. 

B 
Mult. 

Z 
Mult. 

DI 
Reg. 

B 
Reg. 

U 
Reg. 

S 
Loc. 

1 
Loc.2 HP 

pH 
3.75 

±0.04 
3.72 

±0.02 
3.68 

±0.06 
6.24 

±0.02 
3.68 

±0.03 
3.65 

±0.03 
3.67 

±0.02 
4.08 

±0.07 
3.73 

±0.04 
4.31 

±0.03 
Moisture 
Content (%) 

5.44 
±0.68 

6.33 
±0.72 

5.89 
±0.45 

4.16 
±0.65 

6.2 
±0.73 

7.49 
±0.52 

7.3 
±036 

5.77 
±085 

7.04 
±0.67 

5.96 
±0.74 

Color LBa Bb Kc LB K K LB B B DBd 

a Light brown; b Brown; c Khaki; d Dark Brown 
Table 2 Fungi isolated from Triphala powder with their respective CFU (colony forming units) ranges and frequency of 

occurrence. 

Sr. No. Isolated fungal species CFU Range 
Frequency of Occurrence 

(%) 

1 Aspergillus niger 3.33×102-2.66×104 80 

2 Aspergillus  flavus 1×103-1.33×105 30 

3 Aspergillus  fumigatus 3.3×102-1.33×105 50 

4 Aspergillus nidulans 6.6×102-6.66×105 20 

5 Aspergillus  wentii 1.33×103 10 

6 Alternaria alternata 3.3×104-1.33×105 20 

7 Curvularia lunata 3.3×104 10 

 
Table 3 Distribution of fungal species in Triphala powder samples 

 Triphala Powder Samples 

Isolated fungal 
species 

Mult. 
D 

Mult. 
B 

Mult. 
Z 

Mult. 
DI 

Reg. 
B 

Reg. 
U 

Reg. 
S 

Loc. 
1 

Loc. 
2 

HP 

Aspergillus niger + + + + + – – + + + 

A. flavus – – – + – – – + – + 

A.  fumigatus – – + – – + – + + + 

A. nidulans – + – – – – + – – – 

A.  wentii – – – – – – – + – – 

Alternaria alternata – – – – – + + – – – 

Curvularia lunata – – – – – – + – – – 

 
Table 4 Product related details and phytochemical profile of collected Triphala powder samples 

Brand 
Code 

Date of 
Mfg.y 

Date of 
Collection 

Total CFU Total Phenolics Tannin 
Ascorbic Acid 

(%) 
Total  sol. 

Sugar 
Protein 

Mult.D July/10 October/10 2.66×10 4 *36.68±0.55abc** 32.16±0.77abc 0.084 ±0.006b 9.41±0.87bc 8.12±0.16cde 

Mult.B Jan/09 September/10 1.88×10 4 40.38±1.85ab 36.38±1.91ab 0.042±0.004d 3.22±0.88d 6.86±0.25f 

Mult.Z Sep/10 October/10 1.66×10 3 40.99±1.70a 36.86±1.49a 0.085±0.002b 9.10±0.47c 7.35±0.26ef 

Mult.DI Oct/10 November/10 2.66×103 39.11±0.84ab 35.29±0.99ab 0.053±0.003c 4.83±0.17d 7.86±0.25de 

Reg. B July/10 October/10 6.33×10 3 36.94±2.32abc 33.09±2.64abc 0.159±0.005a 9.65±2.81bc 8.37±0.26bcd 

Reg.U 
March/1
0 

October/10 2.66×10 5 37.33±2.63abc 33.44±2.70abc 0.076±0.005b 8.53±0.31c 8.88±0.98bc 

Reg.S April/10 November/10 7.33×10 5 33.6.±0.50c 29.39±0.38c 0.058±0.002c 3.53±0.53d 9.18±0.24b 

Loc. 1 NMx November/10 3.0×10 4 24.7±1.77d 21±1.75d 0.041±0.002d 10.75±0.83abc 10.07±0.19a 

Loc.2 NM November/10 2×10 3 35.52±2.65bc 31.45±1.03bc 0.050±0.001cd 13.32±0.14a 8.36±0.37bcd 

HP NM October/10 3.5×10 4 21.96±0.45d 18.83±0.61d 0.058±0.002c 12.45±1.04a 10.90±0.60a 

*Mean values of three replicates ± Standard Deviation. x: Not mentioned; y: Date of manufacturing 
**Means in columns that do not share a superscript letter are significantly different (One way ANOVA at P <0.05 followed by Tukey HSD test). 
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Table 5  Evaluation of phytoconstituents of infested Triphala powder samples  at various intervals 

 After 1 Month After 3 Months After 6 Months 

 
Initial 
con. 

Contro
l 

A. nx A. fy A. fuz Control A. n A. f A. fu Control A. n A. f A. fu 

Total 
Phenolics 

44.77 
± 2.38 

43.38 
±1.07a 

43.27 
±2.08a 

42.81 
±1.45a 

42.51 
±3.46a 

41.15 
±0.71a 

34.48 
±1.17bc 

36.18 
±0.90b 

32.72 
±0.59c 

37.27 
±1.56a 

29.59 
±0.91b 

29.62 
±2.64b 

28.79 
±1.05b 

Tannin 
41.86 
± 2.37 

40.31 
±1.37a 

40.46 
±1.94a 

40.02 
±1.62a 

39.73 
±3.67a 

38.15 
±0.70a 

31.63 
±1.03bc 

33.56 
±0.71b 

29.76 
±0.67c 

34.38 
±1.54a 

26.59 
±0.90b 

26.85 
±2.73b 

26.20 
±1.0b 

Ascorbic 
Acid 

0.095 
± 0.002 

0.094 
±0.004a 

0.092 
±0.002a 

0.091 
±0.002a 

0.094 
±0.004a 

0.090 
±0.002b 

0.088 
±0.01b 

0.081 
±0.004a 

0.080 
±0.02a 

0.088 
±0.003a 

0.085 
±0.003a 

0.069 
±0.004b 

0.069 
±0.001b 

Total sol. 
Sugar 

8.79 
± 0.08 

8.74 
±0.11a 

8.31 
±0.10a 

8.66 
±0.07a 

8.46 
±0.47a 

8.71 
±0.06b 

8.81 
±0.13ab 

8.98 
±0.08a 

9.02 
±0.06a 

8.95 
±0.11a 

9.15 
±0.43a 

9.23 
±0.59a 

9.14 
±0.15a 

Protein 
9.61 

± 1.18 
9.36 

±0.40b 
11.15 
±0.24a 

10.50 
±0.90ab 

10.49 
±0.78ab 

9.87 
±0.24a 

10.36 
±0.54a 

10.74 
±0.36a 

10.55 
±0.27a 

9.81 
±0.33b 

10.55a 

±0.12 
10.71 
±0.29a 

10.81 
±0. 27a 

 
*Mean values of three replicates ± standard deviation; (x): Aspergillus niger; (y): Aspergillus flavus; (z): Aspergillus fumigatus 
**Means in rows ( group 1: after 1 months; group 2; after 3 months; group 3: after 6 months)  that do not share a superscript letter are significantly different 
(One way ANOVA at P <0.05 followed by Tukey HSD test). 

 

 
Fig. 1 Effect of A. niger, A. flavus and A. fumigatus on total phenolics concentration of Triphala powder 

 
 
pH, moisture content and appearance of  Triphala 
powder 
Prior to infestation with test fungi and subsequently after 
infestation, pH, moisture content  and morphological 
appearance of Triphala powder was noted. The initial pH of 
the samples was 3.91±0.02 while moisture content was 
recorded as 10.68±0.57%. Initially powder of Triphala was 
khaki in color but after six months of storage it appeared 
light brown in color in treated as well as control samples. 
No significant changes were recorded in moisture content 
and pH of the in vitro infested samples after one, three and 
six months of storage period (data not shown). 
 
Effect on total phenolics concentration 
As depicted in Table 5 and Figure 1, in comparison to the 
initial concentration of total phenolics (44.77 ± 2.38 %), a 
gradual decrease was observed in concentration of total 

phenolics of Triphala powder samples inoculated with test 
fungi as compared to the control sample. In case of infested 
samples total phenolics concentration was  recorded as 
43.27±2.08, 34.48±1.17 and 29.59±0.91 % ( in Aspergillus 
niger), 42.81±1.45, 36.18±0.90 and 29.62±2.64 %  (in A. 
flavus) , 42.51±3.46, 32.72±0.59 and 28.79±1.05 %  ( in A. 
fumigatus) after one, three and six months of storage  
periods respectively. While  in control it was 43.38±1.07, 
41.15±0.71 and 37.27±1.56 % after similar time intervals. 
A significant difference in total phenolic concentration was 
observed after three and six months of storage period. 
Findings revealed that  the decrease in total phenolics 
concentration was comparatively high in A. fumigatus 
treated samples (5.04, 26.91 and 35.69 %  ) followed by  A. 
niger (3.35, 22.98 and 33.90 %) and A. flavus (4.37, 19.18 
and 33.83 % ) infested samples as compared to control 
(3.10, 8.08 and 16.75 %), after 1, 3 and 6 months of storage 

Sushil Sharma et al /J. Pharm. Sci. & Res. Vol. 8(5), 2016, 279-288

283



periods respectively. In all three groups of  infested 
samples, a sharp decrease in total phenolic concentration 
was recorded between 90 to 180 days  of storage as 
compared to over 30 and 90 days of storage period (Table 6 
and Fig. 1). 
 
Effect on tannin concentration 
Tannin is an important and major part of total phenolics 
concentration of Triphala powder. During present 
investigation, initial concentration of tannin was recorded 
as 41.86±2.37 %. While in treated samples it was 
40.46±1.94, 31.63±1.03 and 26.59±0.90 % (in A. niger ),  
40.02±1.62, 33.56±0.71 and 26.85±2.73 %  (in A. flavus), 
39.73±3.67, 29.76±0.67 and 26.20±1.0 % (in A. fumigatus) 
after one, three and six month’s of storage periods 
respectively. At a similar time intervals tannin 
concentration of control was 40.31±1.37, 38.15±0.70 and 
34.38±1.54 % (Table 5). In control a decrease of 3.70, 8.86 
and 17.86 % in tannin concentration was observed during 
one, three and six months of storage periods respectively 
whereas  in treated samples the decrease was 3.34%, 24.43 
%  and 36.47% ( in A. niger ), 4.39, 19.82 and 35.85% (in 
A. flavus), 5.08,  28.90 and 37.41  % (in A. fumigatus) after 
one , three and six months of storage periods respectively. 
During investigation it was found that the tannin 
concentration was more or less constant in the control and 
treated samples during the initial to 30 days of storage. But 
a sharp decrease in tannin concentration was recorded after 
90 and 180 days of storage especially in A. fumigatus 
followed by A. niger and A. flavus treated samples. (Table 
6 and Fig. 2). 
 

Effect on ascorbic acid concentration 
Emblica officinalis, an important ingredient of Triphala 
powder is a richest source of ascorbic acid. During present 
investigation initial concentration of ascorbic acid in 
Triphala powder was recorded as 0.095±0.002 %.  A minor 
difference was observed  in the values of  ascorbic acid 
concentration of A. niger treated  (0.092±0.002, 0.088±0.01 
and 0.085±0.003 %) samples as compared to control ( 
0.094± 0.004, 0.090±0.002 and 0.088 ±0.003 %) after one, 
three and six months of storage periods respectively (Table 
5).  In comparison to control (1.05, 5.26 and 7.36 %) a 
decrease of 3.15, 7.36 and 10.5 % in ascorbic acid 
concentration was observed in A. niger treated samples 
after one, three and six months of storage periods 
respectively. While after similar time intervals the ascorbic 
acid concentration was      0.091±0.002, 0.081±0.42 and 
0.069±0.004 % in the case of A. flavus and 0.094±0.004, 
0.080±0.02 and 0.069±0.001% in A. fumigatus treated 
samples. A decrease of 4.21, 14.73 and  27.36 % in A. 
flavus and 1.05, 15.78 and 27.36 % in A. fumigatus treated 
samples was observed  after one three and six months of 
storage periods respectively. Results indicate that among all 
the treatments only A. flavus and A. fumigatus were found  
more effective to  affect the concentration of ascorbic acid 
as compare to A. niger treated samples. After six months of 
storage a maximum decrease of 27.36% was recorded from 
A. flavus and A. fumigatus treated sample, which was quite 
high in comparison to control (7.36 %) clearly indicating 
the role of these fungal species in degradation of  ascorbic 
acid (Table 6 and  Fig. 3).  
 

 

 
 

Fig.  2 Effect of A. niger, A. flavus and A. fumigatus on tannin concentration of Triphala powder 
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Fig. 3 Effect of A. niger, A. flavus and A. fumigatus on ascorbic acid concentration of Triphala powder 

 
 

 
Fig. 4 Effect of A. niger, A. flavus and A. fumigatus on total soluble sugar concentration of Triphala powder 

 
Table 6 Total  percent changes in concentration  of phytoconstituents of Triphala powder after different time intervals 

 Control A. niger A. flavus A. fumigatus 

Time 
interval 
(months) 

1 3 6 1 3 6 1 3 6 1 3 6 

Total 
phenolics 

–3.10 –8.08 –16.75 –3.35 –22.98 –33.90 –4.37 –19.18 –33.83 –5.04 –26.91 –35.69 

Tannin –3.70 –8.86 –17.86 –3.34 –24.43 –36.47 –4.39 –19.82 –35.85 –5.08 –28.90 –37.41 

Ascorbic 
acid 

–1.05 –5.26 –7.36 –3.15 –7.36 –10.5 –4.21 –14.73 –27.36 –1.05 –15.78 –27.36 

Total sugar –0.56 –0.91 +1.82 –5.46 +0.22 +4 –1.47 +2.16 +5 –3.75 +3.98 +2.61 

Protein –2.60 +2.70 +2.08 +16.02 +7.80 +9.78 +9.26 +11.75 +11.4 +9.15 +9.78 +12.48 
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Fig.  5 Effect of A. niger, A. flavus and A. fumigatus on protein concentration of Triphala powder 

 
Effect on total soluble sugar concentration 
During study, a small rise in total soluble sugar 
concentration was observed during storage. Increase in 
concentration was comparatively high in treated samples as 
compared to control. 
The concentration in A. niger treated samples and control 
were 8.31±0.10, 8.81±0.13, 9.15±0.43 % and 8.74±0.11, 
8.71±0.06 and 8.95±0.11% after one, three and six months 
of storage time respectively. An increase of 0.22 and 4% in 
total soluble sugar concentration was observed in A. niger 
treated samples after three and six months of storage period 
whereas a decreased value (5.46%) was noted after one 
month of storage. A rise of 1.82 % in total soluble sugar 
was recorded in the control (8.95±0.11%) as compared to 
the initial value (8.79±0.08 %) after six months, but a 
decrease of 0.56 and 0.91% was recorded after one and 
three months storage periods respectively. Triphala powder 
infested with A. flavus and A. fumigatus also showed a rise 
in total soluble sugar concentration during storage. After 
one, three and six months of storage period, the 
concentration of total sugar was recorded as 8.66±0.07, 
8.98±0.08 and 9.23±0.59%  in A. flavus and 8.46±0.47, 
9.02±0.06 and 9.14±0.15%   in A. fumigatus treated 
samples.  In case of A. flavus trated samples, during initial  
one month of storage, sugar concentration was found to 
decrease (1.47%) after that a slight increase of 2.16 and 5% 
in total soluble sugar concentration was recorded after three 
and six months of storage respectively. While in case of A. 
fumigatus  a decrease of 3.75% after one month and an 
increase of 3.98% and 2.61% was recorded after six and 
three months of storage periods respectively. Results 
showed decreased concentration of total soluble sugar after 
one month of storage after that an increase in concentration 
was observed in treated samples. The highest increase in 
sugar concentration was observed in A. flavus treated 
samples as compare to A. niger and  A.  fumigatus (Table 5, 
6 and Fig.  4). 
Effect on protein concentration 
Results of present investigation showed a slight increase in 
protein concentration during storage. Initial protein 
concentration was 9.61±1.18 %, later on it was recorded as 

9.36±0.40, 9.87±0.24 and 9.81±0.33 % in control after one, 
three and six months respectively. Only an increase of 
2.08% in protein concentration of control samples was 
recorded after six months of storage. While in case of 
infested samples, protein concentration was 11.15±0.24, 
10.36±0.54 and 10.55±0.12% in A. niger treated group, 
10.50±0.90, 10.74±0.36 and 10.71±0.36 % in A. flavus and 
10.49±0.78, 10.55±0.27 and 10.81±0.27 % in A. fumigatus 
treated samples after one, three and six months of storage 
periods respectively. 
In comparison to control, infested samples showed 
increased protein concentration. Although there was no 
significant difference in protein concentration  after one, 
three and six months of storage period in all the three 
treated  groups (Table 5, 6 and Fig. 5).  
 

DISCUSSION 
Microbial contamination of herbal drugs is an important 
factor which is generally responsible for maintaining the 
quality and efficacy of the formulations [29, 43]. Being a 
plant based formulation; Triphala powder is highly 
vulnerable to fungal contamination. During present 
investigation, in majority of the samples, total CFU was 
more than 103spores/g.  As per the guidelines of the World 
Health Organization [31], total CFU (colony forming units) 
of moulds should not exceed more than 103 fungal spores/ g 
in medicinal plant formulations for internal use. There are 
plenty of reports available on the fungal contamination of 
herbal drugs but very few reports are available fungal 
contamination of Triphala powder. In our study, the 
occurrence of Aspergillus was observed in almost all of the 
samples. These results are in accordance with the 
observations of Gautam and Bhadauria [44] and Sharma et 
al. [45] Several authors also reported the Aspergillus as 
most dominant genera and A. niger as most prevalent 
species in herbal drug samples [27, 30,  43, 46, 47]. This is 
in agreement with our study, where A. niger was detected 
as predominant fungal species of Triphala powder. 
According to Pitt and Hocking [48] high incidence of black 
aspergilli can be justified on the basis of the black color of 
the spores that apparently provide protection from sunlight 
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and UV rays during sun drying. Secondly, this high 
occurrence of aspergilli and low frequency or absence of 
other fungi may be due to high phenolic contents of 
Triphala powder (21 to 44% of the dry weight) as reports of 
various researchers suggests that phenolics are ineffective 
against the storage fungi especially Aspergillus group as 
compare to pathogenic and field fungi. [49-51].  
Triphala also possess a good amount of therapeutically 
important phytoconstituents. The major phytoconstituents 
reported from Triphala powder are phenolics including 
tannin, and ascorbic acid [6, 8, 25]. These 
phytoconstituents are believed to be responsible for various 
therapeutic uses of Triphala powder. In the present study, a 
sharp decrease in the concentration of total phenolics and 
tannin was observed in Triphala powder samples infested 
with storage fungi. This can be attributed to the capability 
of Aspergillus species to utilize the phenolics and tannin for 
their growth and development. This fact is also supported 
by the findings of Diepeningen et al. [52] Santos and 
Linardi [53] Hernandez et al [54], Stoilova et al. [55] 
Leitao et al. [56] Ventura et al. [57] Belmares et al. [58] 
Silva et al. [59], who have reported species of Aspergillus 
including A. niger, A. flavus, A. fumigatus, A. awamori, and 
Penicillium chrysogenum with phenol and tannin degrading 
capability and highly efficient in utilizing phenolics as sole 
carbon source. Tannin and phenolics degrading capability 
is associated with tannase enzymes produced by these fungi 
which efficiently break tannin and phenolics in simpler 
compound for further utilization [59, 60].  Stoilova et al. 
[55] reported that even conidia of Aspergillus awamori can 
degrade the phenolics. These reports confirm our findings 
where a good amount of phenolics including tannin were 
found to decrease in infested samples of Triphala powder 
after a storage period of six months. Other important 
constituents i.e. ascorbic acid was also found to decrease in 
infested Triphala powder samples as compared to control. 
Degradation of ascorbic acid has also been reported in 
sugarcane [61] and in the fruits of apricot [62]. Present 
investigation also revealed an increase in concentration of 
sugar and protein in Triphala powder infested with fungal 
species. An increase in sugar and protein concentration in 
agro industrial wastes [63]:  dried leaves of Creosote bush 
[58] and in red chillies [64] have also been reported after 
fungal infestation. According to Belmares et al. [58]  
increase in sugar content can be attributed to capability of 
Aspergillus species to degrade plant polymers like cellulose 
and starch into simpler compounds whereas an increase in 
protein concentration may be due to increase in fungal 
biomass. 
 

CONCLUSION 
Results of present investigation showed that fungi 
associated with Triphala powder have capability to degrade 
the phytochemicals. As the polyphenols and ascorbic acid 
are reported as major therapeutic components of the 
Triphala powder. A variation in the level of active 
constituents among marketed samples and their subsequent 
reduction by associated mycobiota may result into the poor 
efficacy of the formulation and reduction in shelf life. 
Increased level of sugars and protein can further make 

Triphala vulnerable for microbial contamination during 
consumption and subsequent storage. Therefore, it is the 
need of time to formulate the guidelines related to quality 
control of Ayurvedic formulations. So that fungal 
contamination can be brought under control. Specific 
precautions should be taken at the time of harvest, 
collection and storage of raw materials as they are the 
primary source of the fungal contamination.  
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