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Abstract: In this study, four kinds of animal bone marrow powders were extracted with n-hexane
using the Soxhlet extraction method. Polyunsaturated fatty acids were enriched by urea inclusion
and low temperature crystallization method, then were further evaluated antioxidant and
antibacterial activities. These results showed that the oil composition of the n-hexane extracts of
four kinds of animal bone marrow primarily consisted of palmitic acid (18.57-31.01%), stearic
acid (3.6-20.95%), and oleic acid (40.22-58.69%). The ratios of saturated fatty acids
(SFA)/unsaturated fatty acids (UFA) were 1/1.417, 1/1.327, 1/2.140, and 1.285/1 for sheep, bovine,
horse, and camel bone marrow oil, respectively. The SFA/UFA ratios determined by the urea
inclusion method were 1/1.518, 1/1.390, 1/2.037, and 1.216/1, respectively. The SFA/UFA ratios
according to the low temperature crystallization method with acetone were 1/1.920, 1/2.141,
1/2.360, and 1/1.157 for sheep, bovine, horse, and camel bone marrow oil, respectively. These
enrichment methods effected the concentrations of UFAs from the camel bone marrow oil. Among
the methods, the low temperature crystallization method effectively enriched the UFAs. All four
bone marrow oils exhibited strong antioxidant and antimicrobial activities. The horse bone
marrow oil showed the strongest antioxidant activity. Both antioxidant and antimicrobial activity
improved after enrichment of the UFAs. These results lay a theoretical basis for application bone
marrow oil resources in food and medicine.

Keywords: bone marrow oil; unsaturated fatty acid; urea inclusion; low temperature
crystallization; GC/MS

1. Introduction

The nutritional value of polyunsaturated fatty acids (PUFAs) and their preventive effects on
cardiovascular disease |||, neurological disorders [2], cancers |3, 4], rheumatoid arthritis [5], and
other diseases have attracted widespread attention. Fatty acids possess numerous biological
activities such as anti-inflammatory [6], antioxidant | 7], antimicrobial [8], and neuroprotective [9|
activities. At present, the technology for enrichment and separation of PUFAs has become a hot
topic in oil and fat research. The oils in animal bone account for 5-15% of bone weight, and the
oil content in bone marrow reaches 90-95% of bone weight, indicating that the available resources
are quite abundant. Animal oils and fats have been widely used in the food processing industry
because of their unique aroma. In addition, animal oils can also be directly used to produce stearic

acid, oleic acid, soap, lubricants, household cosmetics, wax paper, and glycerin extracts [ 10, 11].
1

© 2018 by the author(s). Distributed under a Creative Commons CC BY license.

d0i:10.20944/preprints201808.0451.v1


http://dx.doi.org/10.20944/preprints201808.0451.v1
http://creativecommons.org/licenses/by/4.0/

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 27 August 2018 d0i:10.20944/preprints201808.0451.v1

46 The physiological activities of various PUFAs are significantly different, and separating them into
47  a single high-purity product can enhance their activity. Therefore, it is necessary to carry out
48  enrichment and analyses of unsaturated fatty acids (UFAs) as the main component of bone marrow
49  oil to improve utilization of bone marrow.

50 Several studies have shown that bone marrow oils can be used to treat bone necrosis, enhance
51  glucocorticoid therapy, and improve immunity with adiponectin [12]. Previous studies on sheep,
52 bovine, horse, and camel bone marrow focused on the analysis of protein [ 13, 14], and few studies
53  have investigated the chemical composition and biological activities of bone marrow oils or the
54  oils that remain after extracting the protein. The relationship between mechanism of action and
55 structure-function are unknown, which has led to a low utilization rate of bone marrow oil.

56 Several methods are available to enrich PUFAs, including enzymatic purification [15],
57  supercritical-fluid extraction [16], urea inclusion [17], silica gel chromatography [ 18], and the low
58  temperature crystallization method [19]. These methods used to concentrate PUFAs are based on
59  differences in the polarity and spatial configuration of the fatty acids present in the extract. Thus,
60  the degree of unsaturation plays an essential role in the separation [20]. The urea inclusion method
61  is one of the most appropriate methods to concentrate PUFAs, as this process allows for large
62  quantities of material with simple equipment, inexpensive solvents, and mild conditions [21]. The
63  melting points of fatty acids change with the type and degree of unsaturation. At low temperatures,
64  long chain saturated fatty acids (SFAs) have higher melting points and crystallize, leaving the
65  PUFAs in liquid form [22]. Therefore, the proper solvent and temperature are necessary to achieve
66  optimal yields [23].

67 In our study, bone marrow oil (that remaining after protein extraction) from bovine was
68  extracted with different solvents (n-hexane, petroleum ether, ethanol, and methanol). n-Hexane
69  was the ideal extraction solvent according to the contents of UFAs in the oil. Then, bone marrow
70 oil from sheep, horses, and camels was extracted with n-hexane. After extracting the crude oils,
71  the PUFAs were concentrated using the urea inclusion and low temperature crystallization
72 methods. Antioxidant and antimicrobial activities were evaluated in vitro, and the nutritional value
73 and bioactivities of the different types of animal bone marrow fatty acids were compared. This is
74 the first study to investigate the relationship between animal bone marrow oil and bioactivity. Our
75  results indicate that the different animal bone marrow fatty acids have different compositions,
76  contents, and biological activities. These results will be useful to identify the nutrient contents of
77  the oils. This study provides the technical and theoretical foundation for the development of health
78  foods and drugs.

79 2. Materials and Methods
80 2.1. Materials

81 The fresh raw material was obtained from the Urumgqi slaughter house (Xinjiang, China). All
82  marrow was removed from the front and rear leg bones and was immediately frozen after rinsing
83  with cold and warm water three times to remove crushed bone and blood. The samples were
84  crushed into a powder in liquid nitrogen (1:6, w/v) and stored at —20°C until use.

85 DPPH was purchased from Sigma-Aldrich Corp. (St. Louis, MO, USA). Petroleum ether,
86 n-hexane, anhydrous methanol, anhydrous ethanol, anhydrous sodium sulfate, dimethyl sulfoxide,
87  salicylic acid, H»0O,, and methylbenzene were of analytical grade and purchased from local
88  suppliers. GC/MS was performed using the 7890A-5975C instrument (Agilent Technologies, Palo
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89 Alto, CA, USA).
90 2.2. Methods
91 2.2.1. Bone marrow oil extraction

92 BBM powder (50 g) and 150 mL of n-hexane, petroleum ether, methanol, or ethanol were
93  mixed. The extraction was performed on a Soxhlet extractor. The bone marrow oil was obtained
94 by filtering the liquid mixture remaining after removing the n-hexane using a rotary evaporator
95 (R210; Buchi Corp., New Castle, DE, USA). Then, one of the extraction solvents was chosen
96  according to the UFA content in the oil to extract the bone marrow oil from the three other

97  domestic animals (sheep, horse, and camel) as described above.
98  2.2.2. Preparation of mixed fatty acids

99 The four kinds of bone marrow oil were saponified by refluxing for 2 h at 72°C using a
100  mixture of NaOH-CH30H (4%, w/v). The saponified solution was cooled in a separatory funnel.
101  An appropriate amount of distilled water was added to dissolve the saponified mixture, and the
102  aqueous layer containing the saponified matter was acidified with 10% hydrochloric acid.
103  n-Hexane was added to dissolve the oil layer. The oil layer was rinsed several times with water
104  until neutral, then dehydrated with anhydrous sodium sulfate. The mixed fatty acids were obtained
105 by removing the solvent using a rotary evaporator (Buchi R210) [24].

106 2.2.3 .Urea inclusion method

107 PUFAs were concentrated using the urea inclusion method according to a previous study with
108 slight modifications [21]. The four kinds of bone marrow with mixed fatty acids were added to a
109  urea-saturated methanol solution. The reaction was performed under reflux for 40 min at room
110  temperature with a thermostatic heating magnetic stirrer for complete adduction. The solution was
111 cooled to room temperature, stored at —10°C for 24 h, and filtered under a vacuum. The filtrate
112  was placed into a separatory funnel and an appropriate volume of water was added to remove the
113 urea. The oil layer was rinsed several times with boiling water until the solution became colorless,
114  and the mixed fatty acids were obtained after dehydration with anhydrous sodium sulfate. The

115  solvent was evaporated with a rotary evaporator (Buchi R210).
116 2.2.4. Low temperature crystallization method

117 Low temperature crystallization of PUFAs was conducted according to a previous method
118  with slight modifications [22]. The four kinds of bone marrow with mixed fatty acids were added
119  to acetone and stored at —40°C for 24 h. Thereafter, the samples were immediately centrifuged at
120  —4°C and 8,000 rpm for 10 min in a high speed refrigerated centrifuge (Hitachi Co., Tokyo, Japan).
121 After centrifugation, the samples were stored again at —40°C for 5 min, centrifuged again, and the
122 crystallized fraction was separated from the liquid fraction. After separating the phases, the
123 organic solvent was removed from the liquid fraction using a rotary vacuum evaporator (Buchi
124 R210).

125  2.2.5. Methyl esterification analysis

126 Esterification was conducted according to a previous method [40] with slight modifications.
127  The oil sample (0.1 g) was dissolved in a 2 mL petroleum ether-toluene mixture in a 10 mL
3
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128  volumetric flask, 3 mL of potassium hydroxide-methanol (0.4 M) was added, and the volume was
129  bought up with distilled water. Then, the fatty acid methyl esters obtained were analyzed by
130 GC/MS chromatography (7890A-5975C, Agilent Technologies) with a
131 Superco elastic quartz capillary column (100 mm x 0.25 mm), with film thickness of 0.25 pm,
132 FID detection, and a heat-up program. The column programmed heat-up temperature was as
133 follows: initial injector temperature was 140°C for 5 min, increased at a rate of 4°C/min to 200°C,
134 held for 1 min, then increased at a rate of 3°C/min to 220°C, and held for 26 min.

135 The EI+ mode was used as the ionization source for the mass spectra, with ionization energy of
136 70 eV and ionization source temperature of 230°C. Full scan mode was utilized within the range of
137  40-500 u, and the transmission line temperature was 230°C. The relative proportions of each fatty
138  acid were calculated using the area normalization method by comparing retention time and mass
139  spectra from the GC/MS analysis.

140  2.2.6. Biological activity
141 1) DPPH radical scavenging activity

142 The DPPH radical scavenging activities of the oil samples were tested using a previous
143 method [26]. The oil samples were dissolved in ethanol to obtain various test concentrations (0.25,
144 0.5,0.75, 1, 1.25, 1.5, and 2 mg/mL). DPPH (0.2 mM) was freshly prepared in methanol. One mL
145  of the sample was added to 1.0 mL of the DPPH-methanol solution and stored at 37°C for 30 min
146  in the dark. Absorbance was immediately determined at 517 nm against a blank. Vc was used as
147  the positive control. The DPPH radical scavenging activity was calculated as follows:

148 Scavenging ability (%) =1 — (Ai— Aj)/A¢ (1)

149 Where, Ay is the absorbance of the DPPH solution in ethanol; A; is absorbance of the sample
150  mixed with the DPPH solution; and A; is absorbance of the sample in ethanol.

151  2) Hydroxyl radical scavenging activity

152 Hydroxyl radical scavenging activity was measured according to a method reported
153  previously with slight modifications [42]. One mL of the sample in ethanol (0.25-2 mg/mL) was
154  mixed with 1 mL of ferrous sulfate solution (6 mM) and salicylic acid in ethanol (6 mM). The
155  mixture was shaken, 1 mL of 0.1% hydrogen peroxide was added, and the mixture was stored at
156  37°C for 30 min in the dark. Absorbance was measured at 510 nm. V¢ was used as the positive

157  control. Hydroxyl radical scavenging activity was calculated using Eq. (1).
158  3) Antimicrobial activity

159 A 20 pL aliquot of sample solution was taken from the concentrated 50 mg/mL sample and
160  placed in a 37°C incubator for 30—-60 min. Vernier calipers were used to measure and record the
161  diameter of the bacteriostatic rings after 16—18 h. The samples were considered ineffective against
162  the microbe when the inhibition zone diameter was < 7 mm. Antimicrobial activity was
163  determined using C. albicans (ATCC10231) and E. coli (ATCC11229) [43].

164 3. Results
165  3.1. Fatty acid content of four kinds of solvents from bovine bone marrow oil
166 The fatty acid contents of the bovine bone marrow extracted with the four kinds of solvents
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167  were determined by gas chromatography/mass spectroscopy (GC/MS) analysis. Table 1 shows that
168  the content of UFAs was higher than that of SFAs for the four kinds of oils. The ratios of
169  SFA/UFA were in the order from low to high as: n-hexane > petroleum ether > ethanol > methanol
170  extract, data were 1.41>1.40>1.25>1.24. The oil extracted with n-hexane had the highest UFA
171  content. The main fatty acids are oleic acid (45.32% - 50.42%), palmitic acid (22.20% - 24.10%),
172 stearic acid (13.41% - 16.49%), linoleic acid (1.91% - 3.75%) for four kinds of animal bone
173 marrow oils. Moreover, UFAs content were higher than SFAs, but the extent is not high. Bone
174 marrow oil is a kind of multicomponent fatty acid with different physicochemical properties. The
175  physiological activities of UFAs are quite different, in order to make them better works their own
176  function, it need to separate the mixture into a single and high purity products or reduce the
177  content of UFAs. Consequently, the aim of this study was to enrich the UFAs. Thus, we selected
178  n-hexane as the ideal extraction solvent.

179 Table 1. Fatty acid composition and contents of the four kinds of oils from bovine bone marrow
petroleum n-hexane methanol ethanol
Fatty acid cther
Content (%)
Myristic acid (C14:0) 2.33 2.54 2.89 2.23
Pentadecanoic acid (Ci5:0) 1.25 - 1.34 0.31
Palmitic acid (Ci6:0) 24.1 23.84 22.20 23.21
Heptadecylic acid (C17:0) 0.62 1.48 3.44 2.01
Stearic acid (Cis:0) 13.41 13.62 14.9 16.49
Nonadecanoic acid (C19:0) - - 0.58 -
eicosanoic acid (C20:0) - - 0.21 -
Myristoleic acid (Ci4:1) 0.47 0.31 0.68 0.3
pentadecenic acid (Cis:1) - - 0.05 -
Hexadecenoic acid (Cie:1) 1.49 2.03 0.05 1.92
9,12-Octadecadienoic acid (Cis:2) 1.49 0.74 - -
Linoleic Acid (Cis:2) 2.41 3.03 1.91 3.75
Linolenic Acid (Cis:3) - - 0.06 -
Eicosapentaenoic acid (C20:5) - - 0.03 -
SFA 41.71 41.48 45.56 44.45
MUFA 54.39 54.64 51.49 52
PUFA 39 3.77 2.11 3.75
UFA 58.29 58.42 53.60 55.75
SFA/UFA 1/1.4 1/1.41 1/1.24 1/1.25
180 Note: -, the fatty acid content is less than 0.01% or not detected under the selected experimental condition;

181 SFA was the sum of Ci4:0, C 15:0, C16:0, C17:0, and C15:0; MUFA was the sum of Cis:1, Ci17:1, Cis:1, C 19:1, C20:1,
182 Ca1:1, C26:1; PUFA was the sum of Cis:2, C1s:3, C20:2, C20:3, C20:4, C20:5; UFA was the sum of MUFA and PUFA.
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183 As shown in Table 2, the ratios of SFA/UFA obtained from the four kinds of bone marrow
184  with mixed fatty acids were in the order of horse bone marrow (HBM) > sheep bone marrow
185 (SBM) > bovine bone marrow (BBM) > camel bone marrow (CBM), date were 1/1.38, 1/1.264,
186 1/1.912, 1.285/1. The main fatty acids were palmitic acid and stearic acid, and their contents were
187  18.57-31.01% and 3.50-20.95%, respectively. The CBM had the highest palmitic acid content
188  (31.01%), while the SBM had the highest stearic acid content (20.95%). (Z)-9-Octadecenoic acid
189  (40.96-58.69%) was the main UFA, and its content was higher in HBM (58.69%) than the others.

|190 Table 2. Composition and content of the main fatty acids from the four kinds of bone marrow oil

SBM BBM HBM CBM
Fatty acid Formula
Content (%)
Dodecanoic acid (Ci2:0) Ci12H2402 - - 0.12 0.24
Myristoleic acid (C1a:1) Ci4H2602 0.07 0.15 0.20 0.17
Myristic acid (C14:0) Ci4H2502 1.25 0.96 2.61 5.86
Pentadecanoic acid (Cis:0) Ci5H3002 0.49 0.19 0.12 1.46
(Z)-9-Hexadecenoic acid (Cie:1) Ci6H3002 1.41 1.64 5.12 3.37
(Z2,2)-7,10-Hexadecadienal (Ci6:2) Ci6H2s0 - 0.19 - -
Palmitic acid (Ci6:0) Ci6H302 18.57 26.39 27.75 31.01
Heptadecylic acid (Ci7:0) C17H3402 - 0.70 0.16 221
(Z)-10- Heptadecenoic acid (Ci7:1) Ci17H3202 1.23 - 0.44 B
(2)-9- Octadecenoic acid (Cis:1) CisH3402 54.28 53.7 58.69 40.22
Stearic acid (Cis:0) CisH3602 20.95 16.08 3.60 15.45
(E)-9- Octadecenoic acid (Cis:1) CisH3402 0.51 1.48 0.23 B
(Z)-10-Nonadecyenoic acid (Cio:1) Ci9H3602 0.34 - 0.44 -
Nonadecanoic acid (C19:0) Ci9H3502 0.10 - - B
(Z,Z)-2-Methyl- 3,13-Octadecadienol C1oH30 064 ) 031 -
(Cio:2)
(Z)-11- Eicosenoic acid (Cz0:1) C20H3502 - 0.16 0.71 B
SFA 42 44.16 34.36 56.23
MUFA 58 55.54 65.39 43.76
PUFA 0.19 0.31 0
UFA 58 55.84 65.7 43.76
SFA/UFA 1/1.38 1/1.264 1/1.912 1.285/1
191 Note: same as Table 1.

192 3.2 Enrichment of unsaturated fatty acids
193 3.2.1 Urea inclusion

194 The urea inclusion method was used to enrich the UFAs, and the results are shown in Table 3.
195  The contents of palmitic acid and stearic acid decreased to 16.81-29.94% and 3.01-19.1%,
196  respectively, compared with the fatty acid composition of the crude oil, after treatment by the urea
197  inclusion method, the contents of (Z)-9-octadecenoic acid increased to 41.18-61.02% at a 2% rate
198 of increase. PUFAs, such as (Z,E)-9,11-octadecadienoic acid and (Z,Z,Z)-11,14,17-tricosenoic
199 acid, also appeared in the extracts. (Z,E)-9,11-Octadecadienoic acid is a characteristic component
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200  after urea inclusion that was detected in the CBM. Moreover, the quantity of UFAs in the HBM
201  was more than twice that of SFAs.

202
203 Table 3. Composition and content of the main fatty acids from the four kinds of bone marrow oils
204 enriched by urea inclusion
SBM BBM HBM CBM
Fatty acid Formula
Content (%)
Dodecanoic acid (Ci2:0) C12H2402 - - 0.14 0.22
Myristic acid (C14:0) Ci14H20, 1.28 1.02 2.29 578
Myristoleic acid (Ci4:1) Ci4H2602 - 0.18 0.18 0.12
Pentadecanoic acid (Ci5:0) Ci5sH3002 0.52 0.41 0.11 1.32
(2)-9-Hexadecenoic acid (Cis:1) Ci6H3002 1.47 1.78 4.80 3.21
Palmitic acid (Ci6:0) CisH30» 16.81 25.08 27.15 29.94
Heptadecylic acid (C17:0) Ci7H340» 2 1.74 0.15 2.01
(2,2)-7,10-Hexadecadienal (C16:2) Ci6H2s02 - 0.45 - B
(2)-9-Octadecenoic acid (Cis:1) CisH3002 58.82 55.75 61.2 41.18
(Z,E)-9,11-Octadecadienoic acid (Cis:2) CisH3202 - - - 0.62
Stearic acid (Cis:0) CisH3602 19.1 13.58 3.09 15.61
(Z,Z,Z)-l1,1463(-):1"3r)icosenoic acid CaoH340s ) ) 051 -
SFA 39.71 41.83 32.93 54.88
MUFA 60.29 57.71 66.56 44.51
PUFA - 0.45 0.51 0.62
UFA 60.29 58.16 67.07 45.13
SFA/UFA 1/1.518 1/1.390 1/2.037 1.216/1
205 Note: same as Table 1.
206 3.2.2. Low temperature crystallization
207 The UFAs were enriched using the low temperature crystallization method, and the results

208  are shown in Table 4. The contents of palmitic acid and stearic acid decreased to 14.44-26.22%
209  and 2.80-13.35%, respectively, compared with the fatty acid composition of the crude oil after
210  treatment by the low temperature crystallization method, the rate of decrease for stearic acid was
211 13%. However, the content of UFAs increased to 52.34-68.92%, with a rate of increase of 7—10%.
212  The (Z)-9-octadecenoic acid content increased to 47.12—-66.01%. The SFA/UFA ratio of the CBM
213  decreased significantly after low temperature crystallization compared with the results after urea
214  inclusion, as the amount of UFAs was remarkeble higher than that of SFAs. These results indicate
215  that the low temperature crystallization method effectively enriched the UFAs.

216
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217 Table 4. Composition and content of the main fatty acids in the four kinds of bone marrow oil
218 enriched by low temperature crystallization
SBM BBM HBM CBM
Fatty acid Formula
Content (%)
Dodecanoic acid (Ci2:0) Ci2H2402 - - 0.13 0.26
Tridecanoic acid (C13:0) Ci3H2602 - 0.21 -
Mpyristic acid (C14:0) Ci14H2302 1.23 2.42 2.07 5.89
Mpyristoleic acid (Cia:1) Ci4H2602 - 0.24 0.18 0.21
Pentadecanoic acid (C15:0) Ci5H3002 0.52 - 0.11 1.66
(2)-9-Hexadecenoic acid (Cis:1) Ci6H3002 10.7 4.84 4.67 4.42
Palmitic acid (Ci6:0) CisH302 14.44 26.22 25.29 25.13
Heptadecylic acid (C17:0) C17H3402 0.51 - 0.16 2.96
(Z2)-10- Heptadecenoic acid (Ci7:1) Ci17H3202 - 0.43 - B
(Z)-9-Octadecenoic acid (Cis:1) CisH3402 66.01 62.26 62.81 47.24
Stearic acid (C15:0) CisH3602 13.35 2.80 3.01 10.46
(2,7)-9,12-Octadecadien-1-o0l (C15:2) CisH3402 0.51 - 0.30 0.76
(Z,Z,Z)-6,9,12-(Occi$§1)ecatrienoic acid CisH300s ) ) ) 0.55
Glycidyl palmitate (C1o:1) Ci1oH360s - - - 0.29
(Z)-13- Eicosenoic acid (Ca0:1) CaoH3302 0.59 0.76 0.18
SFA 31.79 31.65 30.77 46.36
MUFA 67.71 68.36 68.92 52.34
PUFA 0.5 0 0.3 1.31
UFA 68.21 68.36 69.22 53.65
SFA/UFA 1/2.146 1/2.160 1/2.250 1/1.157
219 Note: same as Table 1.

220 3.3 Comparison of the enrichment effect of unsaturated fatty acids
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223 Fig. 1. Total ion chromatograms of the fatty acids [A. sheep bone marrow (SBM); B. bovine bone

224 marrow (BBM); C. horse bone marrow (HBM); and D. camel bone marrow (CBM)]
225
226 The total ion chromatograms of the fatty acids from crude oil treated by urea inclusion and

227  low temperature crystallization are shown in Fig. 1. saturated fatty acids and unsaturated fatty
228  acids peak in proper sequence.enrichment method mainly effect myristic acid (Ci4:0),
229 (Z)-9-hexadecenoic acid (Ci6:1) ,palmitic acid (c16:0), (Z)-9-Octadecenoic acid (Cis:1), stearic acid
230  (Cis:0) peak level and content.

231 Table 5.Comparison of fatty acids from the four bone marrow oils

Crude Oil Urea inclusion Low temperature Crystallization

SBM BBM HBM CBM SBM BBM HBM CBM SBM BBM HBM CBM

Content (%)

Cis:0 18.57 24.23 27.75 31.01 16.81 24.86 27.15 29.94 14.44 26.22 25.29 25.13
Cis:0 20.95 15.59 3.60 15.45 18.51 13.23 3.09 15.61 12.57 2.80 3.01 9.78
Cis:l 54.28 52.08 58.69 40.96 57.79 54.93 61.05 41.18 63.56 62.26 62.42 45.30

SFA 42 44.16 34.36 56.23 39.71 41.83 32.93 54.88 31.79 31.65 30.77 46.36
MUFA 58 55.54 65.39 43.76 60.29 57.71 66.56 44.51 67.71 68.36 68.92 52.34
PUFA 0 0.19 0.31 0 0 0.45 0.51 0.62 0.5 0 0.3 1.31
UFA 58 55.84 65.7 43.76 60.29 58.16 67.07 45.13 68.21 68.36 69.22 53.65
SFifUF 1/1.38  1/1.26  1/1.91 1.26/1 1/1.52  1/1.39  1/2.04 1.21/1 17215 1/2.16  1/225 1/1.16

232 As shown in Fig. 1 and Table 5, the content of UFAs was in the order of HBM > SBM >

233  BBM > CBM. The contribution of urea inclusion method to the increase of UFAs content in crude
234 oil was 1-2%, the increase rate were 7.76%, 12.32%, 3.52%, 9.89% for SBM, BBM, HBM and
235  CBM, respectively. The decrease of stearic acid content was 1-2%. After urea inclusion, the order
236 of SFA/UFA ratio was same with crude oil, and the content of SFA in HBM was twice as much as
237  that of UFA. After low temperature crystallization, the increase rate of UFAs was about 3-12%,
238  and the content ordered as HBM > BBM > SBM > CBM. The effect of low temperature
239  crystallization on stearic acid is more obvious, and it can be reduced by 7 times (BBM). The
240  increase in the rate of UFAs content and the decrease in the rate of SFA content were clear after
241 the low temperature crystallization treatment compared with urea inclusion. The variations in the
242 SFA and UFA contents were larger in the BBM, SBM, and CBM, particularly in the CBM, as the
9
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243 UFA content in the CBM was higher than that of SFAs. Therefore, low temperature crystallization
244 using acetone was the most effective method to enrich the UFAs.

245 3.4 Biological activities
246 3.4.1 Antioxidant activity

247 As shown in Fig. 2, all of the tested bone marrow oils demonstrated scavenging ability
248  against DPPH and hydroxyl free radicals at a concentration of 1 mg/mL. Scavenging ability was
249  19.23-57.23% for the DPPH free radical and 15.12-51.63% for the hydroxyl free radical from
250  crude oil. The scavenging ability against DPPH and hydroxyl free radicals was strengthened after
251  treatment by urea inclusion, and the rates of increase were 14.91-17.06% and 14.45-17.61% for
252  DPPH and hydroxyl free radicals, respectively. Scavenging ability was also enhanced after the low
253 temperature crystallization treatment. The rates of increase were 17.23—17.58% for the DPPH free
254 radical and 9.99-21.25%% for the hydroxyl free radical, respectively. The HBM had the highest
255  antioxidant ability. All of the fatty acids obtained by n-hexane extraction and treated with the urea
256  inclusion and low temperature crystallization methods exhibited some antioxidant activity,
257 scavenging activity against DPPH was stronger than that against the hydroxyl free radical.
258  Antioxidant activity increased after enrichment of the UFAs, and the increase in the rate of
259 scavenging ability about 8-25%. Moreover, the low temperature crystallization method had a
260  greater improving effect on antioxidant activity.

80 = -OH

60 { ™DPPH:

40 -
gl I ' [ l '
0

SBMO | BBMO | HBMO | CBMO | S-UI B-UI H-UI C-UI | S-LTC | B-LTC | H-LTC | C-LTC
u-OH 21.16 15.11 51.63 24.17 | 3355 | 29.57 | 69.11 3224 | 3995 | 2532 | 72.88 | 49.66

uDPPH- | 25.33 19.23 | 57.23 | 33.74 | 41.84 | 24.14 | 7429 35.2 4424 | 3646 | 7486 | 53.25

Scavaning ability (%)

261

262  Fig. 2. Comparison of scavenging ability against -OH and DPPH- of the bone marrow oils (1
263  mg/mL) (UI: urea inclusion; LTC: low temperature crystallization)

264 3.4.2 Antimicrobial activity

265 As shown in Table 6, all of the tested bone marrow oils exhibited some antimicrobial activity;
266  the activity against Escherichia coli was stronger than that against Candida albicans.
267  Antimicrobial activity was enhanced in fatty acids with a second double bond (linoleic acid).
268  cis-fatty acids had stronger antimicrobial activity than the trans-isomers. After enrichment of the
269  UFAs, antimicrobial activity was also enhanced with an increase in cis-fatty acid content. In
270  particular, the increase in the rate of antimicrobial activity of the CBM was stronger than that of
271 SBM and BBM, which may have been caused by the emergence of PUFAs, such as

10
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272 (Z,2,7)-6,9,12-octadecatrienoic acid. All four animal bone marrow oils exhibited strong
273  antimicrobial activities. Further studies are in progress to gain more insight into the biological
274 activities of these animal bone marrow oils to improve their biological utility.

275 Table 6. Antimicrobial activities of the four bone marrow oils
Sample CA (mm) EC (mm) Sample CA (mm) EC (mm) Control
SBMO + - H-UI ++ ++
BBMO + + C-Ul -+ n CA (mm)
+++
HBMO + + S-LTC ++ +
EC (mm)
CBMO + + B-LTC + +
-+
S-Ul + + H-LTC ++ ++
B-UI ++ ++ C-LTC ++ ++

276 Note, CA: Candida albicans; EC: Escherichia coli; UI: urea inclusion; LTC: low temperature crystallization

277 4. Discussion

278 Animal bone has widespread applications in the food processing industry. Animal bone oil is
279  in a solid state at room temperature, and they can be used directly as a pharmaceutical raw
280  materials, whereas their use as a food ingredients bring certain difficulties. After enrichment of the
281  UFAs, efficient embedding can avoid deterioration by oxidation and expand the application range.
282  The UFAs in bone marrow oil are beneficial for cholesterol metabolism and distribution, and they
283  reduce arteriosclerosis and prevent cardiovascular disease [29]. Bone marrow oil does not
284  accumulate after it is consumed, so it can prevent obesity as a new type of healthcare fat. Fat and
285  fatty acids play an important role in the development of noncommunicable diseases, such as
286  overweight, obesity, metabolic syndrome, and nonalcoholic fatty liver disease [30].

287 4.1. Fatty acid content

288 Previous studies have shown that the SFAs (palmitic acid and stearic acid) and the UFAs
289  (oleic acid and linoleic acid) are the main components in animal oils, and the ratio of the two is
290  close to 1:1. Liu et al. [31] reported that crude oil from sheep bone is composed of seven kinds of
291  fatty acids (three SFAs and four UFAs). Sheep bone mainly includes oleic acid (458.90 mg/g),
292  palmitic acid (155.59 mg/g), and stearic acid (128.25 mg/g). Lin [32] compared the effects of
293  different methods on bovine bone degreasing. Hexyl hydride, ethanol, and ordinary pressure
294  cooking were used to treat bovine bone and determine the effect on the basal components and
295  color of the bone. The experimental results showed that ordinary pressure cooking was the best for
296  degreasing, and the fat content of the bone was 4.05%. Qin [33] reported extracting horse bone oil
297  with n-hexane. Chicken bone oil [34] and yak bone oil [35] have also been studied.

298 Our research indicates that the four kinds of bone marrow oil were comprised of palmitic
299  acid (18.57-31.01%), stearic acid (3.6-20.95%), and oleic acid (40.22-58.69%). Total SFA
300 contents were 34.36-56.23%, whereas that of UFAs was 43.76-65.7%. For example, the content
301  of SFAs among the fatty acids in bone marrow oil was 53—-58%, and UFA content was 41-45%,
302  among which palmitic acid was 22-24% and stearic acid was 13-16% of total content. The
303  content of fatty acids in bovine bone marrow oil is similar to that in human milk and milk from
304  other animals [36]. Previous studies on animal bone have directly used it to manufacture related
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305  products, but few studies have separated the bone from the bone marrow. Bone oil has a lower
306  extraction yield than bone marrow oil (90-95%), consequently resulting in reduced nutritional
307  value of the products on a large scale. Microcapsules have been widely used in medicine, food,
308 pesticides, cosmetics, additives, and other fields because of the various functions of encapsulation,
309 including protecting substances from the environment, effectively isolating active ingredients,
310  reducing volatility and toxicity, and controlling sustained release. Some progress has been made in
311  the refining technology of pig bone oil and oil microencapsulation [37]. A few studies have
312  investigated encapsulation of bovine and sheep bone oil. Microencapsulation of bone marrow oil

313  is an effective way to improve its comprehensive utilization value.
314 4.2. Bioactivities of bone oils

315 A considerable number of studies have reported that bone has antioxidant, antibacterial
316 activities, and promotes human osteoblasts, hematopoiesis, immune regulation, biomaterial
317  production, treatment of various bone diseases, subcutaneous cell metabolism, and delayed aging
318  [38]. We have concluded that these biological activities of bone are mainly due to bone proteins
319  and bone charcoal, as few studies have investigated the bioactivities of bone marrow oil. Bone
320  marrow oils are believed to have better antioxidant (DPPH radical scavenging activity was
321  30.45-50.56%) and antimicrobial 8] activities than bone marrow protein. In particular, biological
322  activity is enhanced after enrichment of the UFAs. Yang [39] reported that ostrich oil demonstrates
323  excellent antimicrobial ability against Pseudomonas aeruginosa, Candida albicans, and
324 Penicillium glaucum, and the optimum concentration for antimicrobial activity was 20 mg/mL.
325  The horse oil studied by Jing [8] exhibited significant antimicrobial activities against Candida
326 albicans, and the minimum inhibitory concentration of horse oil against Candida albicans was 11
327 mg/mL. The oils extracted from sheep, bovine, horse, and camel in our study showed distinct
328  inhibitory effects on Candida albicans and Escherichia coli, which may have been the result of
329  differences in the composition and content of SFAs and UFAs in the different species of animal
330  oils.

331 Further research is progressing to gain more insight into applying bone oils in food, medicine,
332  and healthcare products. Extensive studies are required to identify the potential biological
333  activities of bone marrow oil to improve product quality. This approach will provide a new way to

334  improve the nutritional function and value of animal bone.
335 4.3. Comparison of different extraction solvents and enrichment methods

336 Oil was extracted from BBM with n-hexane, petroleum ether, methanol, and ethanol, and the
337 SFA/UFA ratios were 1/1.41, 1/1.40, 1/1.25, and 1/1.24, respectively. The UFA content of the oils
338  extracted with n-hexane was higher than the others. Moreover, it had the highest extraction rate. In
339  addition, preliminary bioactivity tests showed that the antimicrobial activity of the BBM extracted
340  with the different solvents was in the order: methanol > n-hexane > petroleum ether > ethanol.
341  Methanol is not suitable for large-scale extraction or use in health foods because of its toxicity.
342 Therefore, n-hexane was selected as the ideal extraction solvent.

343 UFAs have numerous biological activities, so enriching the UFAs from animal bone marrow
344 not only enhances the bioactivities of the oil, but also improves utilization. The most commonly
345  used enrichment methods are urea inclusion and low temperature crystallization, and both
346  methods are simple, quick, and feasible for mass production. UFA contents generally increase
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347  after treatment with the urea inclusion and low temperature crystallization methods, such as that
348  observed for salmon [40] and seal oils [41], which increased 14.20% and 52.20%, respectively
349  after treatment by urea inclusion and for silkworm pupa [42] and horse fat [43], which were 47.0%
350  and 24.39%, respectively, after treatment by low temperature crystallization. The recovery yield of
351  UFAs was 10—40%. The rate of recovery increased 3—12% after low temperature crystallization in
352 our study. The SFA/UFA ratios of the four kinds of bone marrow oil were 1/2.15, 1/2.16, 1/2.25,
353 and 1/1.16 for SBM, BBM, HBM and CBM, respectively, and the content of UFAs was close to
354 70%. The increase in the rate of UFA content in the bone marrow oil was lower, but recovery yield
355  was 50-70%. In conclusion, multiple operations will be required to further increase of UFA
356  contents.

357 5. Conclusion

358 The four kinds of animal bone marrow oil were extracted with n-hexane as the extraction
359 solvent. The SFA/UFA ratios were 1/1.38, 1/1.26, 1/1.91, and 1.285/1 for SBM, BBM, HBM and
360  CBM, respectively for the crude oil. The SFA/UFA ratios obtained from the urea inclusion and
361 low temperature crystallization treatments were 1/1.52, 1/1.39, 1/2.03, 1.22/1 and 1/2.15, 1/2.16,
362 1/2.25, 1/1.16, respectively for the four kinds of bone marrow oils. The low temperature
363  crystallization method was more suitable for enriching UFAs from the bone marrow oil. The
364  scavenging ability against the DPPH and hydroxyl free radicals of the crude oils were in the order:
365 HBM > SBM > CBM > BBM; the urea inclusion results were the same as those of the crude oil.
366  After low temperature crystallization, the antioxidant activities were in the order: HBM > BBM >
367 CBM > SBM. Among them, the HBM crude oil and that treated with the enrichment methods
368  always had the strongest antioxidant activity. All of the bone marrow crude oils and extracted oils
369  exhibited strong antimicrobial activities after enrichment of the UFAs. In conclusion, the low
370  temperature crystallization method effectively enriched UFAs and improved the biological
371  activities of the animal bone marrow oils.

372 All of the fatty acids obtained by n-hexane extraction and treated with enrichment methods of
373  UFAs have demonstrated strong antimicrobial and antioxidant activity. Moreover, thier activity
374  enhanced after enrichment of UFAs. In the further research, increasing the type of test microbial or
375  introducing other biological activities could develop more bioactivities of bone marrow. Bone
376  marrow oil is a kind of multicomponent fatty acid with different physicochemical properties. The
377  physiological activities of UFAs are quite different, in order to make them better works their own
378  function, it need to separate the mixture into a single and high purity products or reduce the
379  content of UFAs. Therefore, four kinds of bone marrow powdered oils were prepared firstly, and
380  the ratio of saturated to unsaturated fatty acids was checked. Then unsaturated fatty acids were
381  prepared by urea saturation and freezing crystallization method, its need carry out several times,
382 It provides basis for later microencapsulation or other uses. Therefore, in our study, four kinds of
383  bone marrow powder oils were prepared firstly, and the ratio of saturated to unsaturated fatty acids
384  was determined. Then UFAs were prepared by urea inclusion and low temperature crystallization
385  method. It provides basis for later microencapsulation or other uses of animal bone marrow oil.
386

387  Author Contributions: Experimental design was planned by A.Y., PR, PM. and A A, AW.
388  analyzed thedata. PR. wrote the manuscript, A.Y. revised the paper.

389

390

13


http://dx.doi.org/10.20944/preprints201808.0451.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 27 August 2018 d0i:10.20944/preprints201808.0451.v1

391  Funding: The study was supported by project of The thousand plan of china [Grant
392  No0.99-11091085101].
393  Conflicts of Interest: The authors declare no conflicts of interest.

394  Ethical Approval: This article does not contain any studies with human participants or
395  animals performed by any of the authors.

396

397  Reference

398 1. Kris-Etherton, P. M., Fish consumption, Fish oil, omega-3 fatty acids, and cardiovascular
399 Disease. Circulation 2002, 106, (21), 2747-2757.

400 2. Vazquez, L.; Prados, I. M.; Reglero, G.; Torres, C. F., Identification and quantification of ethyl
401 carbamate occurring in urea complexation processes commonly utilized for polyunsaturated
402 fatty acid concentration. Food Chemistry 2017, 229, 28-34.

403 3. Roynette, C. E.; Calder, P. C.; Dupertuis, Y. M.; Pichard, C., n-3 Polyunsaturated fatty acids
404 and colon cancer prevention. Clinical Nutrition 2004, 23, (2), 139-151.

405 4, Serini, S.; Cassano, R.; Corsetto, P.; Rizzo, A.; Calviello, G.; Trombino, S., Omega-3 PUFA
406 Loaded in Resveratrol-Based Solid Lipid Nanoparticles: Physicochemical Properties and
407 Antineoplastic Activities in Human Colorectal Cancer Cells In Vitro. International Journal of
408 Molecular Sciences 2018, 19, (2), 586.

409 5. Veselinovic, M.; Vasiljevic, D.; Vucic, V.; Arsic, A.; Petrovic, S.; Tomic-Lucic, A.; Savic, M.;
410 Zivanovic, S.; Stojic, V.; Jakovljevic, V., Clinical Benefits of n-3 PUFA and ¥-Linolenic Acid
411 in Patients with Rheumatoid Arthritis. Nutrients 2017, 9, (4), 325.

412 6. Guo, L. Z.; Lin, W. H.; Yu, T.; Mei, W. L.; Ju, L. L., Research Progress of PUFA Protecting
413 the Brain Function via Anti-inflammatory Actions. Genomics and Applied Biology 2016, 35,
414 (9), 2289-2298.

415 7. Liu, G. L.; Nie, X. T.; Zhang, F. E.; Liu, S. T., Analysis of fatty acids and trace elements and
416 antioxidant capacity of Trionyx sinensis. Acta Nutrimenta Sinica 2000, 22, (4), 325-327.

417 8. Jing, S. Q.; Reheman, A. B. L.; Li, Y. M., Study on process optimizing of refining process and
418 antibacterial effect of horse oil. Science & Technology of Food Industry 2012, 33, (8),
419 291-298.

420 9. Venepally, V.; Reddy Jala, R. C., An insight into the biological activities of heterocyclic—fatty
421 acid hybrid molecules. European Journal of Medicinal Chemistry 2017, 141, 113-137.

422 10. Fryda, L.; Panopoulos, K.; Vourliotis, P.; Kakaras, E.; Pavlidou, E., Meat and bone meal as
423 secondary fuel in fluidized bed combustion. Proceedings of the Combustion Institute 2007, 31,
424 (2), 2829-2837.

425 11. Xiang, C.; Ma, M. H., Progress on Livestock Bone Synthesize Utilize and Products Exploiture.
426 Meat Research 2009, (6), 78-84.

427 12. Hardouin, P.; Pansini, V.; Cortet, B., Bone marrow fat. Joint Bone Spine Revue Du
428 Rhumatisme 2014, 81, (4), 313-319.

429 13. Rozi, P.; Maimaiti, P.; Abuduwaili, A.; Wali, A.; Yili, A.; Akber Aisa, H., Isolation and
430 Evaluation of Bioactive Protein and Peptide from Domestic Animals’ Bone Marrow.
431 Molecules 2018, 23, 1673.

432 14. Rozi, P.; Muhammat, P.; Ishimov, U. Z.; Maksimov, V. V.; Waili, A.; Yili, A.; Aisa, H. A.,
433 Isolation and Characterization of Antimicrobial Peptides from Bos taurus Bone Marrow.
434 Chemistry of Natural Compounds 2018, 54, (3), 527-531.

14


http://dx.doi.org/10.20944/preprints201808.0451.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 27 August 2018 d0i:10.20944/preprints201808.0451.v1

435 15. Shimada, Y.; Sugihara, A.; Tominaga, Y., Enzymatic purification of polyunsaturated fatty acids.

436 Journal of Bioscience and Bioengineering 2001, 91, (6), 529-538.

437  16. Namal Senanayake, S. P. J., Methods of concentration and purification of omega-3 fatty acids.
438 In Separation, Extraction and Concentration Processes in the Food, Beverage and
439 Nutraceutical Industries, Rizvi, S. S. H., Ed. Woodhead Publishing: Cambridge, 2010; pp
440 483-505.

441 17. Rubio-Rodriguez, N.; Beltran, S.; Jaime, I.; de Diego, S. M.; Sanz, M. T.; Carballido, J. R.,
442 Production of omega-3 polyunsaturated fatty acid concentrates: A review. Innovative Food
443 Science & Emerging Technologies 2010, 11, (1), 1-12.

444 18. Guil-Guerrero, J. L.; Campra-Madrid; Belarbi, E.-H., Linolenic acid purification from seed oil
445 sources by argentated silica gel chromatography column. Process Biochemistry 2000, 36, (4),
446 341-354.

447 19. Morales-Medina, R.; De Leén, G.; Munio, M.; Guadix, A.; Guadix, E., Mass transfer
448 modeling of sardine oil polyunsaturated fatty acid (PUFA) concentration by low temperature
449 crystallization. Journal of Food Engineering 2016, 183, 16-23.

450 20. Lopez-Martinez, J. C.; Campra-Madrid, P.; Guil-Guerrero, J. L., y-Linolenic acid enrichment
451 from Borago officinalis and Echium fastuosum seed oils and fatty acids by low temperature
452 crystallization. Journal of Bioscience and Bioengineering 2004, 97, (5), 294-298.

453 21. Mendes, A.; Silva, T. L. d.; Reis, A., DHA Concentration and Purification from the Marine
454 Heterotrophic Microalga Crypthecodinium cohnii CCMP 316 by Winterization and Urea
455 Complexation. Food Technology and Biotechnology 2007, 45, (1), 38-44.

456 22. Vazquez, L.; Akoh, C. C., Enrichment of stearidonic acid in modified soybean oil by low
457 temperature crystallisation. Food Chemistry 2012, 130, (1), 147-155.

458 23. Yokochi, T.; Usita, M. T.; Kamisaka, Y.; Nakahara, T.; Suzuki, O., Increase in the y-linolenic
459 acid content by solvent winterization of fungal oil extracted from Mortierella, genus. Journal
460 of the American Oil Chemists Society 1990, 67, (11), 846-851.

461 24. Zhao, W. B.; Wang, H. Y.; Liu, J. R.; Jiang, F. S.; Xie, J. X., Preparation of Safflower Oil's
462 Mixed Fatty Acid and Enrichment of PUFA. Cereals and Oils 2002, (3), 4-5.

463 25. Ajigu, A.; Zhang, J.; Xirali, T.; Hajiakber, A., Extraction of Almond Seed Oil by Supercritical
464 CO; and Composition Analysis. Journal of the Chinese Cereals and Oils Association 2017, 32,
465 (1), 80-84.

466 26. Ponphaiboon, J.; Limmatvapirat, S.; Chaidedgumjorn, A.; Limmatvapirat, C.,
467 Physicochemical property, fatty acid composition, and antioxidant activity of ostrich oils using
468 different rendering methods. Lwt 2018, 93, 45-50.

469 27. Davoodbasha, M.; Edachery, B.; Nooruddin, T.; Lee, S.-Y.; Kim, J.-W., An evidence of C16
470 fatty acid methyl esters extracted from microalga for effective antimicrobial and antioxidant
471 property. Microbial Pathogenesis 2018, 115, 233-238.

472 28. Mijiti, Y.; Rozi, P; Waili, A.; Gao, Y. H.; Maksimov, V. V.; Ziyavitdinov, Z. F.; Yili, A.;
473 Salikhov, S. I.; Aisa, H. A., Isolation of Antimicrobial Peptides from Fritillaria pallidiflora.
474 Chemistry of Natural Compounds 2017, 53, (6), 1144-1147.

475

476 29. Zhang, G. S.; Liu, G.; Dong, J. S.; Qv, Y. X.; Fu, Q.; Yue, X. X., Study on process of refining
477 of porcine bone oil. Food & Machinery 2011, 27, (1), 84-86.

478 30. Muzsik, A.; Bajerska, J.; Jelen, H.; Gaca, A.; Chmurzynska, A., Associations between Fatty

15


http://dx.doi.org/10.20944/preprints201808.0451.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 27 August 2018 d0i:10.20944/preprints201808.0451.v1

479 Acid Intake and Status, Desaturase Activities, and FADS Gene Polymorphism in Centrally
480 Obese Postmenopausal Polish Women. Nutrients 2018, 10, (8), 1068.

481 31. Liu, J. K.; Gao, Y.; Wang, Z. Y.; Ni, N.; Zhang, D. Q.; Ai, Q. J., Analysis of the Fatty Acids
482 and Volatile Flavor Compounds in Oxidized Sheep Bone Oil. Modern Food Science and
483 Technology 2014, 30, (11), 240-245.

484 32. Lin, B.; Wang, X.; Yu, X. L.; Ming, Y. S.; Han, F. Y.; Kong, X. Y.; Li, H. Z., Influence of
485 different degreasing methods on bovine bone quality. Food Science & Technology 2015, 40,
486 (4), 190-193.

487 33. Qin, N. N.; Li, T. L.; Zhang, S. S.; Li, K.; Yang, H. Y., Optimization of Degreasing Process of
488 the Horse Bone. Food & Nutrition in China 2013, 19, (4), 56-59.

489 34. Dai, J. H.; Zhao, Y. G., Effect of different extraction process on product rate of chicken ossein
490 protein from chicken bone slag. Meat Industr 2008, (9), 25-28.

491 35. Liu, W. Y,; Jia, W.; Wu, T.; Zhang, C. H.; Li, X.; Chen, X. F., Comparison of the methylation
492 methods for the determination of fatty acids in Yak bones by gas chromatography. Chinese
493 Journal of Chromatography 2016, 34, (11), 1113-1119.

494 36. Lu, D. L.; Ye, D. D.; Li, J. F.; Xu, M., Comparstive on the Concentration and the Chemical
495 Composition of the Fatty Acid in Milk Powder of 4 Kinds of Livestock in Xinjiang.
496 Grass-Feeding Livestock 2017, (4), 7-14.

497 37. Zhang, G. S.; Yang, C. Y.; Dong, J. S.; Fu, Q., Study on Extraction Technology of Bone
498 Protein of Pig. Food Science 2008, 29, (5), 234-237.

499 38. Sterling, J. A.; Guelcher, S. A., Biomaterial Scaffolds for Treating Osteoporotic Bone. Current
500 Osteoporosis Reports 2014, 12, (1), 48-54.

501 39. Yang, X. F.; Wu, F. Y.; Ma, Y. M.; Fu, J. X.; Shi, F. P., An Experimental Study of The
502 Antimicrobial Activity of Ostrich Oil. Journal of Shaanxi University of Science & Technology
503 2010, 28, (2), 82-84.

504 40. Mu, H. Y.; Jin, Q. Z.; Li, X., Enrichment and purification of PUFAs from salmon oil. Chin.
505 Oils Fats 2016, 41, (8), 49-53.

506 41. Gu, X. H.; Sun, S. L; Tang, J.; Wang, L. X., Enriching polyunsaturated fatty acids in seal oils
507 with urea complexation. Food Machin. 2005, 22, (4), 15-18.

508 42. Zhang, Y. Q.; Ma, L.; Chen, T. F., Studies on the Extraction of Unsaturated Fatty Acid From
509 Silkworm Pupa Oil by Freezing CrystallizationMethod. J. Hubei Polytech. Univ. 2000, 15, (1),
510 58-60.

511 43. Song, H.; Wang, Q.; Gu, Z. Y.; Tan, W.; An, X. Q., Extraction of Horse Fat Unsaturated Fatty
512 Acids by Solvent Crystallization. Food Industry 2014, 35, (2), 99-101.

16


http://dx.doi.org/10.20944/preprints201808.0451.v1

