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The contents of neutral lipid (NL), glycolipid (GL), and phospholipid (PL) and their fatty acid (FA) 
compositions in fresh and processed leaves of tea varieties a t  four stages of black tea manufacture were 
analyzed. Well-marked variation in FA compositions in different lipid contents of the three genotypes 
as well as in different manufacturing stages were shown. Glycolipid, which accounts for about 60% 
of the total lipids, contains a significantly higher amount of linolenic acid, which undergoes pronounced 
degradation during different stages of black tea manufacture. Palmitic (C16:0), oleic (C181), linoleic 
(C182), and linolenic (C183) acids were found in considerably higher quantity than other FAs irrespective 
of cultivars. Palmitic acid occurred in higher proportion in PL, while myristic acid ((2140) and lauric 
acid (C12:O) were abundant in NL. The quantity of major FA constituents of the GL fraction in curl, 
tear, and crush (CTC) black tea was higher than that in orthodox black tea. 

Tea, being an important agronomic crop, is cultivated 
in more than 2.59 million ha in the world. Like any other 
agricultural product, the quality of tea is established in 
the field and technological aspects are adjusted so that 
desirable attributes are retained in the beverage. Tea 
plants of commerce are classified mainly into three 
varieties, Camellia sinensis L., China type; C. assamica 
(Masters), Asaam type; and C. assamica ssp. lasiocalyx 
(Planch M.S), Cambod type. Before a cultivar is released 
to industry, extensive manufacturing trials under two 
traditional methods of black tea processing, orthodox and 
unorthodox [curl, tear, crush (CTC)], are tried, and the 
quality of the made tea is evaluated over a period of time. 
Thus, quality control forms a part of modern tea tech- 
nology (FAO, 1989; Roberts, 1962). There have been 
many efforts to establishgenotypical and process variables 
in lipid contents and fatty acid composition of plants (De 
Man and Cauberghe, 1988; Menon, 1981; Owuor, 1986; 
Serghini-Caid et al., 1988; Tunlid et al., 1989). 

The process of cell rupturing in the orthodox roller and/ 
or in the CTC machine cannot substitute for withering, 
allowing the plucked shoots to desiccate for about 12-24 
h under natural conditions. Cell injury in the orthodox 
roller is milder in comparison with the CTC system of 
manufacture in which, besides brushing and distortion in 
the roller, the leaf shoots are cut into small fragments. In 
the latter process the rate of oxidation reaction is faster 
and the particle sizes are smaller than those of the cor- 
responding orthodox teas. When the rolled or CTC injured 
leaf is exposed to air, rapid color and flavor development 
takes place, and this stage is known as fermentation (Ma- 
hanta, 1988; Roberts, 1962;Yamanishi, 1986). The process 
of fermentation is allowed to continue for approximately 
1-2 h depending on the type of maceration, orthodox or 
CTC, and then the process is terminated by firing/drying. 
However, the appearance of dry leaf, the liquor character 
in terms of briskness and brightness, differs among China, 
Assam, and Cambod teas depending upon the method of 
processing (Cloughley et  al., 1982; Hazarika et al., 1984). 

Lipid emerges as an important area of biochemical study 
because of its being a structural and storage component 
of plant tissues. Neutral lipids and glyco- and phospho- 
lipids, which constitute the lamellae fractions or other 
cell membranes in leaf chloroplasts, are hydrolyzed by 
acylhydrolases to free fatty acids (Hatanaka et al., 1987; 
Selvendran et al., 1978; Wright and Fishwick, 1979). 
Although variation in fatty acids in different molecular 

Table I. Percentage Fatty Acid (FA) Composition in 
Neutral Lipids and Glyco- and Phospholipids of Ansam, 
China, and Cambod Varieties of Fresh Leaves. 

ratio 
182 

type c& 120 140 16:O 181 182 183 others ld FA cultivar li id 

Aseam neutral 4.6 2.7 18.3 13.1 23.0 18.8 19.5 1.2 
glyco 1.2 0.6 13.8 7.9 10.6 52.6 13.3 0.2 
phospho 1.2 0.8 19.7 15.8 27.0 16.5 18.9 1.6 

China neutral 4.6 3.1 11.8 10.3 18.5 16.8 35.0 1.1 
glyco 1.2 1.0 16.9 7.9 10.3 52.3 10.6 0.2 
phospho 1.1 0.9 19.0 12.5 28.4 16.4 21.7 1.7 

Cambod neutral 2.7 2.3 22.5 11.7 21.1 18.0 21.7 1.2 
glyco 1.5 0.8 14.1 5.0 6.9 55.3 16.6 0.1 
phospho 1.1 0.5 19.2 15.4 31.7 16.7 15.4 1.9 

.a ANOVA = 2. 

species could play an important role in the evaluation of 
cultivars with improved tea-making potential, the study 
is limited in tea. Characteristic volatile constituents that 
have been identified so far are enzymatic and/or nonen- 
zymatic degradation products of polyunsaturated fatty 
acids (Chan and Taniguchi, 1985; Hatanka and Harada; 
1973). Grassy or green flavor is attributed to hexenal, 
and alcohols have characteristic odors which become more 
intense when fresh leaf is processed in black tea manu- 
facturing (Gardner 1985; Mahanta and Baruah, 1989). 

Because of the variation in the degree of withering, type 
of rolling, and particle size in orthodox and CTC teas, it 
is expected that fatty acids would be affected differen- 
tially, hence, the flavor volatile in the end product (Saijo 
and Takeo, 1972,1975; Mahanta and Singh, 1990). In our 
previous papers we have reported the relationship between 
total lipid content and flavor volatile5 and fatty acid 
constituents in different cultivars and also in processed 
tea (Mahanta et al., 1985; Bhuyan and Mahanta, 1989). 
The present investigation was undertaken to study the 
fatty acid composition of neutral lipids and glyco- and 
phospholipids of Assam, China, and Cambod varieties of 
tea shoots and processed leaf a t  different stages of black 
tea manufacture which eventually would become an 
additional source of information on cultivar characteristics. 
MATERIALS AND METHODS 

Samples. Tea shoots comprising an apical bud with two or 
three leaves of Assam, China, and Cambod varieties and Tocklai 
vegetative clone, TV-1 (Assam X China hybrid), for different 
stages of black tea manufacture were collected from the Borb- 
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Table 11. F Values and Level of Significance of ANOVA of Fatty Acid Composition in Neutral Lipids and Glyco- and 
Phospholipids of Assam, China, and Cambod Varieties of Fresh Leaves. 

source df c12:o c 1 4 0  C160 C181 C l 8 2  C183 
between obs 2 0.97 0.27 1.31 0.06 
between varieties 2 8.95** 7.10** 57.33*** 26.96*** 
between fractions 2 237.23*** 173.55*** 154.24*** 350.40*** 

error 16 
total 26 
mean 2.1 1.4 17.2 11.1 
cv, YO 14.51 18.43 3.11 5.62 

a NS, not significant; *, significant at 5%; **, significant at 1 % ;  ***, significant at 0.1 %. 

variety X fraction 4 13.81*** 1.57 NS 138.61*** 18.01*** 

Table 111. Fatty Acid Composition (Percent) of Neutral 
Lipids and Glyco- and Phospholipids at Different CTC 
Manufacturing Stages from Clone TV 1 

FA process lipid 
leaf class C12:O C14:O C16:O C18:l C182 C183 others 

DDGL neutral 3.2 3.6 17.4 13.2 27.6 21.2 13.8 
glyco 1.0 1.1 16.3 10.4 9.3 57.5 4.4 
phoepho 1.3 1.2 22.8 11.6 28.0 25.5 9.6 

DDWL neutral 2.4 3.1 20.0 11.6 30.6 22.9 9.4 
glyco 1.0 0.6 15.8 10.5 10.6 53.0 8.4 
phospho 0.5 0.3 20.9 11.1 34.9 21.5 10.8 

DDRL neutral 3.8 2.8 18.2 11.4 30.2 24.5 9.0 
glyco 1.9 1.2 18.5 9.0 10.9 46.9 11.5 
phospho 0.9 1.0 25.3 9.7 30.9 24.9 7.3 

DDFL neutral 4.5 4.5 21.1 12.1 23.9 19.8 14.0 
glyco 2.0 2.4 22.3 11.4 12.4 40.3 9.3 
phospho 2.1 1.0 22.2 11.6 27.9 24.8 10.5 

black neutral 4.2 5.6 22.8 15.1 19.4 11.9 21.0 
tea glyco 2.4 2.1 23.6 15.4 9.8 24.7 22.0 

phoepho 1.2 1.0 24.4 12.2 27.8 22.0 11.5 

hetta field plot of the Tocklai Experimental Station during the 
manufacturing season in 1987. Freshly harvested tea shoots were 
withered about 68% and 75% (w/w) for orthodox and CTC 
manufacturing, respectively. The leaves were rolled in three crank 
single-action rollers for 60 min for orthodox manufacture. A 
portion of the rolled leaves after 30 min was further passed 
through a pair of CTC rollers for CTC manufacture. The leaves 
were then allowed to ferment for about 30 min for CTC tea and 
1 h for orthodox tea in a humidified room with a 2 OF hygrometric 
difference. The fermented leaves were fired in a batch-type dryer 
with inlet temperatures of 200-220 and 180-200 OF for orthodox 
and CTC tea, respectively. Samples drawn from different stages 
of black tea manufacture were deactivated under steam for 3 
min and dried. The following samples were thus obtained from 
the different manufacturing stages: (i) deactivated dried green 
leaf (DDGL); (ii) deactivated dried withered leaf (DDWL); (iii) 
deactivated dried rolled leaf (DDRL); (iv) deactivated dried 
fermented leaf (DDFL); and (v) black tea (BT). 

Extraction and Fractionation of Total Lipids. Lipids were 
extracted by homogenizing the samples with CHCls/MeOH (2: 
1) for 3-4 min. The bulked filtrate was evaporated to dryness 
in a rotary vacuum evaporator at 45 OC, and the crude lipid was 
phased in CHCls:MeOH:H20 (2: 1:0.75) and determined gravi- 
metrically. Total lipids were fractionated into NL, GL, and PL 
using chloroform, acetone, and methanol, respectively, on a si- 
licic acid column. These fractions were evaporated to dryness 
under reduced pressure and determined gravimetrically (Tunlid 
et al., 1989). 

Extraction of Free Fatty Acids. Five grams of test powdered 
sample was homogenized in light petroleum ether (40-60) for 3 
min, and the filtrate was evaporated todryness (Kershaw, 1986). 
The free fatty acids were methylated and analyzed as described 
below. 

Analysis of Fatty Acids as Methyl Esters. Each lipid fraction 
was hydrolyzed with 1 N alcoholic KOH, refluxing for 2 h. 
Petroleum ether/diethyl ether (1:l v/v) was used to remove the 
nonsaponifiables from diluted soap solution, and the fatty acids 
were recovered by acidification and extraction with diethyl ether. 
The fatty acids were methylated by refluxing with anhydrous 
methanol in the presence of 2 drops of concentrated HzSO, for 
2 h. Fatty acid methyl esters (FAME) were determined by an 
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1.44 0.35 
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Figure 1. Percentage of neutral lipids and glyco- and phos- 
pholipids of Assam, China, and Cambod varieties. F value for 
neutral lipid, 59.35***; F value for glycolipid, 52.27***; F value 
for phospholipid, 15.84**. 

TL NL GL PL 

Figure 2. Changes in lipid contents in different stages of black 
tea manufacture. F value for total lipid, 99.97***; F value for 
neutral lipid, 63.92***; F value for glycolipid, 59.05***; F value 
for phospholipid, 244.38***. 

w Model Netel gas chromatograph with flame ionization detector 
in a 2 m X l / ~  in. 0.d. stainless steel column packed with 10% 
DEGS. Nitrogen was used as carrier gas at a flow rate of 20 
mL/min. The column temperature was programed from 120 to 
190 "C at 4 OC/min. The temperatures of the injector and 
detector were maintained at 220 and 200 "C, respectively. The 
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Table IV. ANOVA of Fatty Acid Composition of Neutral Lipids and Glyco- and Phospholipids of Different Manufacturing 
Stager of CTC Teas 
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source df c 1 2 0  C14:O C160 C181 C182 C183 
between o b  2 2 NS <1 7.14* 2.04 NS <1 NS <1 NS 
between fraction 2 2527*** 169.39*** 295.90*** 38.64*** 676.59*** 1211.00*** 
error (1) 4 
subtotal 8 

manufacturing stages 4 48.29*** 130.00*** 88.24*** 90.08*** 173.09*** 1015.53*** 
fraction X stage 8 7.00*** 34.33*** 27.74*** 1.29 NS 68.69*** 391.56*** 
obs x stage 8 <1 NS <1 1.83 NS 11.88*** 1.38 NS 1.63 NS 
error (2) 16 
total 44 

mean 2.16 2.11 20.78 11.76 22.29 29.44 
cv (11, 5% 4.63 22.73 2.21 4.25 4.53 4.98 
cv (2), % 12.25 8.21 3.12 4.17 2.54 1.92 

Table V. Percentage of Free Fatty Acid (FFA) Composition of Assam, China, and Cambod Varieties of Fresh Tea Leaves 
cultivar c 1 2 0  c140 C160 C18l C182 C183 C182/C160 
ASSalIl 1.30 f 0.2 0.50 h 0.1 16.30 h 1.4 18.08 f 1.3 20.30 f 1.3 29.08 f 1.9 1.25 
China 1.48 f 0.2 0.62 f 0.1 15.00 f 1.3 14.48 f 0.9 18.90 f 0.7 27.35 f 0.7 1.26 
Cambod 1.58 h 0.2 0.50 f 0.1 15.02 f 1.4 13.42 h 0.8 19.35 f 1.2 30.40 f 1.3 1.29 

FA IN GLYCO LIPID FA IN NEUTRAL LIPID FA IN PHOSPHO LIPID 

c16:0 C 'l8:l C1e:2 

CTC ORTHODOX CTC QRTHODOX CTC ORTHODOX CTC ORTHODOX 

Figure 3. FA (k /g of tea) in different lipid fractions of CTC and orthodox black tea. F value for neutral lipid, C160,1081.45***: 
C181,96.43***; 8182,252.30***; C183,270.00***. Fvalue for glycolipid C16:0,661.50***; C181,768.00***, C18:2,547.60***; C18:3, 
3312.17***. F value for phospholipid C16:0, 16.76**; C181, 15.00**; C18:2, 12.79*; C183, 1.29 NS. 

peak areas of the gas chromatogram were measured by multiplying 
peak height by peak width at half-height. 

Statistical Analysis. The analysis of variance (ANOVA) 
was carried out by using split plot design, and the significance 
of variations among the cultivars, stages of manufacture, and 
lipid contents was determined according to the procedure Gac- 
ula and Singh (1984) (Chan and Taniguchi, 1985; Hazarika and 
Mahanta, 1983). 

RESULTS AND DISCUSSION 
Analyses of Neutral Lipids and Glyco- and Phos- 

pholipids. Total lipid of fresh tea shoots from three 
varieties of teas is presented on a dry weight basis in Figure 
1. Current indications are that glycolipid is the most 
abundant (60%) followed by neutrallipid (25%) andphos- 
pholipid (20% 1. The content of PL was highest in Cam- 
bod variety, while the GL content was highest in China 
variety. The higher content of NL may enhance the higher 
productivity of Cambod variety over the other varieties. 
The lipid fractions significantly varied not only with 
different varieties but also in their relative amounts. 

The changes in NL, GL, and PL contents (percent dry 
weight) of different manufacturing stages are presented 
inFigure 2. As the GL fraction was found to be the highest, 
its degradation during manufacture is likely to have more 

pronounced impact on flavory product formation com- 
pared to other lipid fractions. From Figure 2 it can be 
observed that greater losses in all the fractions occurred 
during "firing" followed by "withering" stages of tea 
manufacture. Further, the study also confirmed that 
degradation of all lipid fractions was more than 50% during 
manufacturing of black tea. 

Fatty Acid Composition in Neutral Lipids and 
Glyco- and Phospholipid. Linolenic acid is mostly found 
in the galactolipid fraction, while oleic and lenoleic acids 
are derived from the neutral lipid and phospholipid 
portions (Tables I and 11). On the other hand, palmitic 
acid content was found to be highest in the phospholipid 
fraction, and lauric and myristic acids were higher in the 
neutral fraction of the lipid. It is noteworthy that the 
variations of the fatty acid in all three cultivars are similar. 
The ratio of linoleic to linolenic acid can predict the 
formation of hexanal. Furthermore, accelerated autoxi- 
dation in CTC teas compared to that of orthodox teas has 
been assigned to be the reason for the higher amount of 
hexenal in CTC teas. Alcohols also survived well in the 
milder orthodox processing in abundant quantities, whereas 
aldehydes were more abundant in severely macerated CTC 
teas as reported (Mahanta and Singh, 1990; Selvendran 
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e t  al., 1978; Igene and Pearson, 1979). It is noteworthy 
tha t  neutral fractions contain a significant quantity of 
lauric (C12:O) and myristic (C14:O) acids in all three 
varieties. 

NL, GL, and PL depletion has been observed to occur 
concomitantly with fatty acid oxidation during manufac- 
turing stages to  contribute positively or negatively in the 
flavor of black tea as shown in Table 111. The  statistical 
relationship between the quantitative changes of individual 
fatty acids in all lipid fractions and at different stages of 
manufacturing is shown in Table IV. Linolenic acid having 
a (12,42)-pentadiene moiety was found to undergo sig- 
nificant changes at all stages of manufacturing starting 
from withering, to rolling, to fermentation and firing 
(drying) and to act as the precursor of hexenals (Hatanaka 
et al., 1987; Saijo and Takeo, 1972, 1975). 

In all three varieties C16:0, C18:1, C18:2, and C18:3 are 
the major free fatty acids (FFA, Table V). However, 
variations in fatty acid constituents except C18:l among 
different cultivars were not well marked, but C183 was 
found to be the highest in all the varieties. Although total 
unsaturation was not drastically affected among varieties, 
the higher ratio between palmitic and linoleic acids in the 
Cambod variety may be crucial in the selection of vigorus 
clones. Free fatty acids are indicative of involvement of 
metabolic process during development and growth of the 
plant. Furthermore, the difference in C16:O and C182 
proportions can probably be ascribed to  the direct effect 
of genotype on fatty acid composition (De Man and 
Bruyneel, 1987). 

The  different lipids isolated from orthodox and CTC 
teas and their variability in the fatty acid compositions 
(micrograms per gram) are shown in Figure 3. From the 
data it is clear that  orthodox processing induces a 
significant decrease in the contents of glycolipid fatty acids 
as compared to CTC processing. A similar type of process 
variation could be seen in chlorophyll degradation also 
(Mahanta and Hazarika, 1985), which shows that reaction 
will take place in the chloroplast and the substrate is gly- 
colipid. The  changes in FA composition as well as in the 
different lipid fractions may be important in the devel- 
opment of fresh flavor in tea unlike off-flavors produced 
in other processed foods. 
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