1. The effect of some organic solvents on oleoresin extraction.

CHAPTER IV

RESULTS

When 330 grams of Thai black pepper grade D was macerated

separately in 1,000 ml of 3 different organic solvents : acetone, hexane and

methylene chloride, it was found that acetone was the best among the three

solvents in extracting oleoresin, volatile oil and piperine from the black pepper.

As shown in Figure 6 and Table 5, acetone could extract 13.1%w/w of

oleoresin, 24.1 % v/w of volatile oil and 31.6% w/w of piperine followed by

hexane 8.9 % w/w oleoresin, 29.7 % v/w volatile oil and 38.3 % w/w piperine,

respectively and methylene chloride 12% w/w oleoresin, 24.6 % v/w volatile

oil and 36.1 % w/w piperine, respectively.

Table 5 The effect of some organic solvents on oleoresin extraction.
Solvent Oleoresin Volatile oil Piperine
(% wiw) (% viw) (% wiw)
Acetone 13.08 + 0.07 24.13 +0.41 31.63 +1.55
Hexane 8.94 +0.07 29.66 +2.23 38.33 +1.43
Methylene chloride 11.99 +0.18 24.63 +0.64 36.13 +0.09

(each value represents the mean + SD for 3 separated preparations)
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Figure 6 : The effect of some ovganic solvents on oleoresin extraction
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With respect to volatile oil composition, the analysis by GC revealed that the
oleoresin extraction by acetone gave GC chromatogram of the volatile oil very
similar to the chromatogram of natural black pepper oil (Figure7). On the other
hand, the extraction by hexane and methylene chloride caused the
disappearance of some volatile oil components. According to the Retention
time (RT) of various standards, it was found that there were 6 major
components which was extracted from oleoresin by acetone. These included o-
pinene, B-pinene, sabinene, A’-carene, limonene and -caryophyllene in pepper
oil. For methylene chloride extraction, there were 4 components extracted
including B-pinene, A’-carene, limonene and B- caryophyllene. For hexane

there were 3 main components extracted : A*-carene, limonene and B-

caryophyllene.(Figure7)
For piperine content
Based on a spectrophotometric method the calibration curve of piperine

was found to be linear in the range from 16 to 265 pg/ml of concentration.

This calibration had the correlation coefficient of 0.9995. (Figure 8)
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Figure 8 Calibration curve of piperine

With the established calibration curve, it was found that the oleoresins
prepared from the solvent maceration of acetone, hexane and mefhylene
chloride had very similar content of piperine, 31.6, 38.3 and 36.1 % w/w
respectively (Table 5). This indicated that these 3 solvents had the same

efficiency in extracting piperine from the black pepper powder.

In order to check whether the oleoresin had piperine as a major
constituent, we analysed the extracts of the different solvents by HPLC. It was
found that all the oleoresin extracts had similar HPLC chromatograms which
showed that piperine was the major constituent (Figure 9).
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2. The effect of different grades of pepper on the quality and quantity of
pepper.

When acetone was used for oleoresin extraction from various grades
(A, B, C, D) of Thai black pepper, it was found that the black pepper grade D
gave the highest yield of oleoresin and volatile oil and piperine (Figure 10 and
Table 6).

Table 6 The effect of different grades of pepper on oleoresin preparation.

Grade Oleoresin Volatile oil Piperine
(% wiw) (% viw) (% wiw)
A 6.82 +0.26 1483 +1.84 | 39.15+1.97
B 8.87+0.10 20.69 +1.09 35.08 +2.73
& 11.48 +0.13 20.83 +0.79 30.25+1.78
D 13.52+0.08 23.66 +0.54 31.41+0.89

(each value represents the mean + SD for 3 separated preparations)

Furthermore, the GC chromatograms of grade D black pepper had higher

content of various oil component than the other grades (Figure 10).
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Figure 10  The effect of different grades of pepper on oleoresin preparation.
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3. Optimization of the maceration time

When Thai black pepper grade D (330 grams) was macerated in 1,000
ml of acetone for various periods of time : 6,12,24 and 48 hours, it was found

that the maceration time of 48 hours was optimized. This is shown in Table 7

and Figure 12.
Table 7 Optimization of the maceration time
Hours Oleoresin Volatile oil Piperine
(% wiw) (% viw) (% wiw)
6 6.26 +0.17 2095+2.52 27.40+0.18
12 7.67 +0.35 22.18 +0.69 28.57 +1.31
24 9.99 +0.30 18.94 + 0.68 32.54 +0.69
48 1338 +0.17 23.14+0.19 28.82 +0.91

(each value represents the mean + SD for 3 separated preparations)

It can be seen that the 3 parameters of oleoresin weight, volatile oil
and piperine content increased continuously with time to 48 hours. Therefore,

this maceration time was used throughout this study.




oleoresin (% w/w)

15.35 £ 0.17

hour
6 12 u 48
volatile oil (% v/w)
22.18 + 0.69 2314 £0.19
hour
6 12 2% 48
piperine (% w/w)
32.54 + 0.69

35

hour

6 12 24 48

Figure 12 : Optimization of the maceration time

47



4. Study on a step-wise maceration of black pepper for oleoresin

extraction.

Oleoresin preparation by step-wise maceration was carried out by
macerating the grade D black pepper in 5 containers with acetone in a
consecutive manner. The objective of this study was to find an effective method
of using acetone in the extraction of oleoresin from Thai black pepper.
Experimentally, the efficiency of acetone in the extraction of oleoresin was first
evaluated by macerating the black pepper powder in a sequential manner
(Method 1) in order to observe the saturation level of the solvent. The results of
using Method 1 ( as shown below ) showed that acetone staeted to be saturated
with oleoresin after passing 2 containers of black pepper.

Method 1 ;
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The almost saturation was all demonstrated wiyh the oleoresin weight, volatile

oil and piperine content ( Table 8 and Figure 13,14,15 ). When the second
portion of pure acetone was again sequentially passed the same 5 containers, it
was found that the acetone still had an ability to extract olreresin until became
saturated until passing container 4 ( D). However, with the third round of pure
acetone , very little olroresin or volatile oil was detected in the first 2
containers but gradually incresed until passing container 5 (E). After the third
portion of acetone was passed, very small amount of oleoresin left in the black
pepper especially in yhe first three containers. Therefore, the forth round of

acetone showed very low levels of oleoresin, volatile oil and piperine content
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although there were some in containers 4 and 5 ( D and E ). Analysis of the oil
quality by GC , it was found that all fractions gave very similar patterns of GC
chromatograms ( Figure 16 ). Therefore, the step-wise maceration appeared to
have no effect on the volatile oil quality of pepper oleoresin.

From these results of oleoresin extraction from grade D black pepper
using Method 1, it could be concluded as follows:
1. The total yield of oleoresin was 224.75 g / 1,650 g black pepper
2. The total volatile oil content was 59.42 ml / 1,650 g black pepper
3. The total piperine content was 77.95 g / 1,650 g black pepper
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Table 8 Method 1 step-wise maceration of black pepper for oleoresin
extraction.
Container/no. of oleoresin wt. volatile oil piperine
maceration (g) (ml.) ()
A/l 4433 +4.04 9.00 +2.60 17.26 + 0.26
A2 933 +2.18 1.58 +0.38 3.03 +0.26
A/3 5.08 +0.88 0.29 +0.07 0.55 +0.05
A/4 2.50 +0.75 0.25 +0.00 0.12 +0.09
B/1 78.92 +4.50 20.08 +1.38 23.26 +1.54
B/2 37.83 +2.67 775 £1.15 11.20 +1.38
B/3 892 +1.76 1.17 +0.29 297 +0.40
B/4 467 +1.42 0.29 +0.07 0.30 +0.08
C/ 86.08 +1.27 2292 +1.44 26.96 +2.84
C2 42.92 +3.26 14.17 +1.44 14.42 +1.32
C/3 2333+ 1.58 3.83 +0.63 457 +0.76
C/4 7.25 +0.90 1.03 +0.04 149 +0.15
D/1 81.17 +1.26 2333 +1.091 28.89 +0.18
D/2 70.08 +1.01 15.58 +0.63 20.24 +1.71
D3 38.50 +1.39 5.17 +0.76 11.95 +1.32
D/4 12.42 +1.76 3.33 10.72 6.18 +0.71
E/1 88.17 +3.92 22.08 +2.60 28.04 +0.13
E/2 7133 +3.21 18.33 +1.44 2545 +0.14
E/3 4450 +2.65 15.05 +1.13 16.96 + 1.28
E/4 20.75 +3.04 3.92 +0.29 7.50 +0.50
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By expressed as the unit of percent of the original black pepper weight, the

value of each parameter could be summarized as Table 9.

By comparison the specification of the black pepper and the specification of

oleoresin with the results from the experiment shown in table 9 and 10.

Table 9 Comparison the specification of black pepper with method 1 step-

wise maceration.
Parameter Yield Specification (%)
(% in black pepper )
oleoresin content 13.62 +0.58 10-15
(wiw)
volatile oil content 3.60+0.10 2-4
(viw)
piperine content 473 +0.11 5-9
(w/w)

If expressed the unit based on the weight of oleoresin, the resulted values of the

oil and piperine content as shown in Table 10.
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Table 10  Comparison the specification of oleoresin with method 1 step-

wise maceration.

Parameter Yield Specificatin
' (% in oleoresin ) (%)
volatile oil 26.43 +1.07 18 - 20
piperine (by UV-spectrometer) 34.67 +2.09 34-40

When the value of each parameter was compared with that of the generally
accepted specification (Tables 9 and 10 ), it was found that the oleoresin
obtained by Method 1 had most characteristics fell in the range of the standard

values.

Based on the study of oleoresin extraction by using Method 1 , it was
concluded that the first portion of acetone was quite saturated with oleoresin
after passing the first two containers ( A and B ). Therefore, there was no need
to pass the three containers. Instead , the second acetone portion could be used
by passing A , B and C containers. This should have brought the second
acetone portion the saturated level and at the same time caused very little
oleoresin left in A and B containers. Therefore, the third acetone portion could
start with container C and continue to container D and E. Finally, the last
portion of acetone should have passed countainer D and E one move time to
extract all the oleoresin still present in the last two containers. The diagram of

the system called Method 2 is shown below.




58

Method 2 ;

4

The results obtained from this study is shown in Table 7 and Figures 17,18,19.
As the Method 1, the analysis of volatile oil composition by GC also showed
that the volatile oil extracted by each portion of acetone was all composed of

similar composition ( Figure 20 ).

From these results of oleoresin extraction from grade D black pepper using
Method 2 , it could be concluded as follows :

1. The total yield of oleoresin was 253 g/ 1,650 g black pepper

2. The total volatile oil content was 60.69 ml / 1,650 g black pepper

3. The total piperine content was 81.73 g/ 1,650 g black pepper
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Table 11 ~ Method 2 step-wise maceration of black pepper for oleoresin
extraction.
Container/portion of | oleoresin wt. volatile oil piperine
acetone (g) (ml) (g
A/l 48.25 +0.35 11.25 +0.35 14.98 +0.07
A2 7.50 +0.00 1.63 +0.18 1.48 +0.06
B/1 57.00 +0.35 13.98 +0.02 22.080 +0.14
B/2 17.13 +0.18 3.38 +0.18 3.21 +0.04
cn 58.13 +0.18 14.21 +0.41 20.88 +0.45
2 16.75 + 0.00 3.50 +0.00 2.74 +0.07
D/1 61.88 +1.24 15.34 +0.34 21.44 +0.65
D/2 17.56 +0.80 4.13 +0.53 3.14 +0.04
EN 69.63 +1.24 1692 +0.11 24.80 +0.45
E/2 68.50 +1.41 15.58 +0.03 21.25 +0.14




oleoresin (g)

Figure 17

container/ portion of acetone

The average weight of oleoresin in each container in method 2

step-wise maceration.

60



61

volatile oil (ml)

container/portion of acetone

Figure 18  The average content of volatile oil in each container in method 2

step-wise maceration.
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By comparison the specification of the black pepper and the specification of

oleoresin with the results from the experiment shown in Table 12 and 13.

Table 12  Comparison the specification of black pepper with method 2 step-
wise maceration.
Parameter Yield Specification (%)
(% in black pepper )
oleoresin content 15.35+0.15 10-15
(wiw)
volatile oil content 3.68+0.04 2-4
(viw)
piperine content 5.44 +0.00 5-9

(Wiw)

If expressed the unit based on the weight of oleoresin, the resulted values of the

oil and piperine content as shown in Table 13.

Table 13  Comparison the specification of oleoresin with method 2 step-
wise maceration.
Parameter Yield Specification
(% in oleoresin ) (%)
volatile oil 23.96 +0.00 18 -20
piperine (by UV-spectrometer) 35.43+0.34 34-40
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When the value of each parameter was compared with that of the generally
accepted specification (Tables 12 and 13 ), it was found that the oleoresin
obtained by Method 2 had most characteristics fell in the range of the standard

values.
5. Study on residual solvent present in prepared oleoresin.
Calibration curve of acetone
The calibration curve of acetone figure 21 showed linearity of the

relationship in range 0.25-100% concentration and the correlation coefficient

which was found to be 0.990 for acetone.

Area count (xlo‘)

Concentration (%)

Figure 21  The calibration curve of acetone
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In order to find out the amount of residual acetone which was used as
a solvent in oleoresin preparation from grade D black pepper by step-wise

maceration technique , the technique of GC used.

Figure 22, 23 and 24 showed GC chromatograms of residual acetone
in prepared oleoresin. The acetone peak was orderly shown, included
Retention time 3.180, 3.249 and 3.243 min and the area count were 54559,
56628 and 56855 respectively.

The amount of residual acetone was calculated from these figure of
area count. Therefore, the amount of residual acetone were 28.80, 24.60 and

29.60 ppm and 29.33 + 0.46 ppm by average.

The specification of oleoresin mentioned that, the residual solvent
from black pepper oleoresin must less than 30 ppm. Therefore, the amount of

residual acetone from this experiment is well accepted.
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Figure 23  GC Chromatogram of residual acetone.
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Figure 24  GC Chromatogram of residual acetone.
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