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Abstract: The purpose ol this study was to deterrine the conlent of glucosammne and
chondroitin sulphate of shark cartilage and its use as an anti-aging supplement. It was
carried oul at the Laboratory of [ish Processing, IlangTuah University (11TU), for
preparation and isolation of bivactive compounds , Laboratory of Biochemistry, Faculty of
Medicine. HTU for clinical trials, and Laboratory of Pharmacy [or capsulalion. Resulls
showed that glucosamine and chondroitin isolazed from the shark cartilage were 28 36% and
6.06%. respectively, of the weight of shark bone powder which is [R8.39% of fresh cartilage.
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Introduction

Sharks are a cartilaginous fish recently largely canght for fins ta be served as healthy menu. so that their
Hesh and bone are often wasted m the ocean. Thew umgque historv and life 1n the ocean has encouraged
numerous studies to obtain bicactive compounds that could be beneficial for human. Shark cartilage 15
espeeially composed of complex protein and carbohydrate bound with certain tissues withoul nerves and blood
support [1]. Dased on c¢linical studies. sherk cartilage was able to control the growth and the spread of tumoer
cells, help reducing bone pain. avoiding rheumatic diseases, strengthening and mamtaing bone function,
relieving soreness and gout. maintaining bodv health and vitality and avoiding crooked spinal abnormalities.[2]

On the other hand, the ability to synthesize glucosamme m human body will decrease as people get
older. This change is affected by the decline in the ability of proteoglycans 1o produce glucosamine that will
lead to ostenarthritis disease [3]

Previous findings [4] revealed that bone protemn and caleinm levels were 30.74 % and 10.673.59 ppn.
respectively. Total amino acid of the spinal column 1s 23.66 % protein, with lmited amino acids, leucine and
phenvialanine, and it is a good source of threcnine Tdentification of finctional group indicated that
glucosamine and chondroitin 1solated from shark cartilage were glucosamine sulphate and e-typad-chondroitin
sulphate. respectively. Glucosamine sulphate was osteoarthritis medicine|[5]. while chondroitin sulphate was a
good supplement for the health of bones and jomts[6]. However, the identifieation studies are still needed on its
anti- inflammatory cffeets and clinical trials before later used as a basic supplement matenal for anti-aging.

In general, treatment 1s an attempt to nullify the symptoms and cure the disease, meluding disease
prevention as well. A fundamental principle of treatment includes also the rule that chnieal benefit of o drug
given should be higher than the possible risk from its consumption Objective udgment on the benefit and the
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salety of the drug needs knowledge of clinical test methodology, a scientifically methodological tool used to
assess the clinical benefit of the drug. The method can also be certain theraphic mtervention considering the
influeneing factors, while adverse cffects on individual or population are not desired [7].

Materials and Method

Materials and Equipment

Materials used in this study were both the back part and side part of shark cartilage. pro-analytical
standard chenucals, glacial acetic acid. 4.5N amumoma. aquadest, and ammoniuum.

The equipment used in glucosamine and chondroitin 1solation were knives, cutting board, dryer.
blender, thermometer. a baking pan, screen no 80 of tvler standard sieve series (0,177 mm), plastic clips, cuvet,
magnelic stirer, centnfuge, freeze diyer. pen murkers, pH-meter and meubators.

Method

This study used a deseriptive method through glucosamine and chendroitin content examination of the
shark cartilage. The cartilage samples were collected frem PT “Angin Tinmur™ in the frozen ¢ondition directly
stored m the freezer up to preparation. Flesh debris attached to the bone was removed to avoid disturbances in
drying process. The bones were then chopped into very small pieces and dried in a drying machme at 30°C£2°C
for 24 hours. The dry shaik cartilage was then ground using blender machine and sieved through screen no 30
to gain a homogenous particle size of flour. It was then put in the plast:e bags and kept in the refrigerator vnul
extraction was done.

The glucogamine isolation was done throngh the following procedures [8]: 10 g of the shark cartilage
flour (pass through sereen no. 80) were chssolved mto 100 ml of buffer solution-C. 1M ammomum carbonate-pH
8 for 24 hours at room temperature through continuous agitation using a magnetic stirrer. Ammonium carbonate
buffer solution was made as follows: 10.8 g of ammonium carbonate were weighed, added with 200 ml of 4.5N
of NIL,OI1, and stirred up to homogeneous.

Chondroitin isolation used the procedure as follows [9]: 10 g of the shark cartilage flour (pass through
sereen no. 80) were dissolved in 100 ml of acetic acic solutifel at pH 4.5 for 7 hours at a temperature of 37°C.
Moreover, both glucosamine and chondro:tin tsoletes were  then centrifuged at 10,000 rpm for 3 minutes. The
supermatant was collected and kept m the refnigerator up lo [rezee-diied. The process of glucosamine and
chondroitin isolation can be seen in Fig. 1.

Isolation of Glucosamine Isolation ¢f Chondroitin

Figure 1. Isolation of Glucesamine dan Chondrotin

The supernatant obrained from shark cartilage extraction was then dried in a freeze diver at a
temperatire of — 80°C. pressure of 20 pa and 30 ml of 96 % aleohal for 36 hours The product ahtained from
freeze dryer was white-colored coarse-grain for glucosamine end pink-colored clod for chondroitin The
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extraction of glucosamme and chondroitin was done graduzlly because of limited capacity of the mcubator and
magnetic stirrer.

Results and Discussion

Shark cartilage flour

The shark cartilage and its flour yield are presented in Fig. 2 and Table 7 The cartilage is white-
yellowash, and mean vield produced 1s 18.39%. Previous finding found that glucosamine 1solated from shark

cartilage had nearly similar functional group to the commercially supplement and based on the functional
[o :

group. the glucosamine belonged to glucosamine sulphate.

Pieces of Shark Cartilage Afier Picees of Shark Cartilage After
Washing Cautting

Fig 2. Fresh Shark Cartilage

Table 1. Yield of cartilage tlour

Weight of | Weight of | Weight of | Weight of | Yield
Process whole cartilage | cartilage (g) | dried cartilage (%)

(z) flesh free cartilage (g) flour (g)
Process 1 | 3000 1572 771.6 601.85 20.06
Process 2 1000 842 6 244 .4 185.71 18 57
Process3 | 2500 2000 509 6 386 4 15.46
Process4 | 2500 2200 616.6 486.64 1916
Average 18.39

Cartilage flour analysis showed that only about 18.39% of the dried flour could be produced from the
shark cartilage, indicating sufficiently high water content of the cartilage. In the previous study, it was shown!'!
that shark cartilage proximate Found that shark cartilage dommantly contained water and protein (Table 2).

Table 2. Mean proximate content of shark cartilage

Sample Water Ash (%) Protein (%) Fat (%) Carbohydrate
Content (%) (by difference)
TS 70.00£3 .46 5.2120.08 3.924+0.60 1.77=0.08 19.10+3.17
PS T4 0042 31 G43H) 15 3.644+0 37 1.64H) 04 14 2942 39

Note : TS : side part of fresh cartilage
PS : backbone part of fresh cartilage

The proximate content of side cartilage and the backbone part was firstly analyzed to distingwsh the
flour of cach cartilage source. Both cartilage flour sources were dominated by carbohydrate approaching to
70%, Water content was below 6 % obtained through  mechanical diyer. The proximates content of the
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cartilage flour is presented in Table 3™, Side part of cartilage 1s = shightly flat cart:lage usually taken from the
darsal part. while the backbone part 1s the shark vertebra.

Table 3. Mean Proximate Content of Shark Cartilage Flour

Sample Water Ash (%) Protein (%) Fat (%) Carbohydrate
Code Content (%) (by difference)
TT 5.2040.06 19.5210.34 3.5240.18 1.96.0.62 69.7310.25
TR 5.4040.20 21.8040.26 3.4440.05 2.02=0.71 67.34+0.89

Note : TS : side part of cartilage flour
PS : backbone part of cartilage flour

Glucosamine and Chondroitin Yield

Glueosamine is one of amino glucose compoimds extensively found in the cartilage and pnssesses very
important role n health and joint malleability [ts function in the body 1s to produce synowvial tluid working as
lubricant of the cartilage that the cartilage moves well''l Synovial fluid defficience will cause jount
disturbances, such as stuffy joint, and could cause Osicoarthritis (OA) es well. Glucosamine sulphate (2-
Amino-2-deoxy-D-glucose sulphate) 1s salt of glucosamine with chemueal structure of CgH;sNOs(H;80y) that is
a natual compound in haman body consisting of glucose and glumatime amino acid. Glucosamine 1s also main
element of GAG (glycosaminoglycan) in the cartilage and synovial [luxd.

Glucosamine 1s obtained from skin or shell extraction of ¢rustacean, such as skrimp, lobster, and crab.
which (hrough deproteimization and decaleivmzation, becomes chitin then hydrolized (o be glucosamine. 1L
could be found in nearly all body tissues including caﬂila,?e. Shark whose bones are cartilageous contain
mucopolysacharides, including chondroitin and glucnsamine.' G

Chondroitin -~ Sulphate (CS) is an  unbranched long chained-heleropolysacharide called
gl}'cmaminng]ycansﬁi.ﬂ.ﬁsj. GGAGS 15 4 heteropolysacharide possessing negative edﬂ binding protein called
ucopolysacharide. US 1s major component of the extracellular matnx which plavs a role m mamtamning the
structural integrity of the tissue. Cartilage 1s an important structural component for defense agamst pressure
[14]. T8 1= amonie polysacharide consisting of disacharide unit structure, N-Acetvigalactosamine 4- or €-
sulphate and D-glucoron:c acid. In the cartilage tissue, the polvsacharide 1s covalently bound to protein to make
proteoglvean. CS has extensive application in pharmaceutical, cosmetic, food mdustries. or instance, CS has
been known possessing chondroprotective and ant-arthergenic effects on test ammals. [9]
Glucosamine and chondroitin sulphate products are used for symptomatic therapy of knee and hip
ostevar thritis with some potential efTect of struetural modilteation]15.6]. The produel of glucosamine and

chondroitin isolated from blue shark in this research is presented in Table 4 and Table 5. respectively.

Table 4. Yield of glucosamine isolated

Cartilage Supernatant : Yield

Process — {gf P (ml) Powder (g) (%)
1 40 227 10.59 26.48

2 40 178 10.96 27.40

3 40 185 11.05 27.63

4 40 224 12.40 31.00

5 40 218 10.52 26.30

3 10 230 256 | 3L10

7 40 225 11.33 28.33
Mean vield 28.36
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Table 5. Yield of chondreitin Isolated

. Cartilage Supernatant | Powder A
Process flour () (ml) @ Yicld (%)
1 240 1380 18.85 7.85
2 240 1260 11.32 4.72
3 240 1363 16.54 691
1 210 1356 12.54 5.23
5 240 1440 15.02 6.26
65 240 1320 13.71 5.71
7 240 14009 1551 646
8 240 1356 12 82 5.34

Mean Y:eld 6.06

Previous study[4] also found that the Fourier Transform Infra-Red (FTIR) spectrum of chondreitin
isolated from shark cartilage had a broad and strong tape characteristic at the wavelength of 3000 em-' and
strong absorption at the wave number ot 1,668.31 em’”, 1.627.81 e, 1,456.16 em™, and 1.41565 em™ n
back part of cartilage. while the FTIR spectram of side purﬁmws that chondroitin had a sharp and strong tape
at the wavelength of 1,672.17 cn™’, 1.627.81 em™. 1.454.23 em™ _ and 1,413.72 ent’'. respectively.

The FTIR spectrum of chondroitin sulphate C of commercial products marketted in Indonesia under
VD trademark had a peak of strong absorption at the wave number of 1,637.63 em™ and 1,420.03 em’
indicating the presence of carboxyl groups. amine and sulphate. Strong peak recorded at 1,627.81 em™ and
1.415.65 e’ in chondroitin isolated from the shark backbone is similar to the peak of 1.627. 81 cm™ and
1.413.72 em’" of side part cartilage that indicates the existence of carboxyl group with amine and sulphate.
Roth compounds are similar to the commercial V1) produet marked on the lehels that chondroitin used
ariginates from frozen bovine trachea. while glueosamine 1s generated from shrimp shell.

In first 1solation of 40 g of shark cartilage powder extracted in 4€0 ml of ammonium carbonate buffer
solution. 227 ml of supernatant was obtainad. and after freeze dried, 10 39 g (25 48 %) of white glucosamine
powder was obtained, while chondrortin 1solation usmg 240 g of shark cartilage powder extracted in 2.4 hter
of acetic acid solution - pH 4.5 obtained 1.380 ml of supernatent. after freeze drying, gamed 18.85 g (yield 7.85
%) of chondroitin powder was obtained. This process 1s still needed to be performed up to 200 g of cach
glucosamine and chondroitin obtained. Isoleted glucosaming cannot be continued to in vive test because the
armunonia smell was still strong, indicating that anunonia residue is still ins:de and not safe for human.

Conclusion

Glucosamine and chondroitin successfully isolated from shark cartilage were around 28.36 % and 6.06
%, respectively, of the shark cartilage flour weight, with mean weight of 18 39% of the fresh cartilage
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