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Physicochemical properties, fatty acid composition and microstructure
analysis of fully hydrgenated cottonseed oil

GUO Shujing, SONG Zhenjia, ZHENG Shumin, MA Chuanguo
(College of Food Science and Technology, Henan University of Technology, Zhengzhou 450001, China)

Abstract;In order to develop solid base oil products without trans fatty acids, the physicochemical
properties, fatty acid composition and microstructure of fully hydrogenated cottonseed oil were studied.
The basic physicochemical indexes of fully hydrogenated cottonseed oil were determined according to the
corresponding national standard methods, the fatty acid composition was analyzed by gas chromatography,
the solid fat content was determined by pulsed NMR, finally, the crystal structure was characterized by
polarizing microscope, differential scanning calorimetry, and X —ray diffraction. The results showed that
the physicochemical indexes of fully hydrogenated cottonseed oil met the national standard for edible
hydrogenated oil. Its fatty acid composition was mainly palmitic acid and stearic acid, and almost
contained no trans fatty acids. The results of solid fat content showed that fully hydrogenated cottonseed
oil remained solid at 40 °C which was suitable for compounding with liquid oil. In addition, the
micromorphology of fully hydrogenated cottonseed oil was fine and dense needle, which was consistent
with the 8’ crystal form, and there was also a certain amount of 8 crystal form. The above researches
showed that using fully hydrogenated cottonseed oil as transesterification blend base oil, pharmaceutical
raw materials and cosmetics raw materials had a certain application and development prospect.

Key words: fully hydrogenated cottonseed oil; physicochemical property; fatty acid composition;

microstructure ; application prospect
7S E HE 2021 — 08 — 12 & B H #5:2021 — 12 — 02

EEWA -+ = 1" HEE L& HRTH (2016 YFDO40 . i
1100) o ARSI T E TR —, SRR

B A SR (1988) 4o 0 ETIE A  BFge g i ook TR LG U P A e g 1 R 1 2
TS ( E-mail ) 718033244@ qq. com, PR AGRR R M, B 12 N M A v IR
BIEMEE AL, HF7, 11 E S0 (E-mail) meg66@ 163, PASCEHINMING ok A5G, Mk A D 35 A9 3222
com, A, HOR IR KRB 5 AT S — R



42 CHINA OILS AND FATS

2022 Vol. 47 No. 4

FRAARE R DL B A AR AT It T R AR
TP BRI 2 REPE AR IS AR5 K A5 At T
My R, BT A B RS FE RN AT S BN A
A5 BRI A LA /N OGPREE R, AT RS ER IR
(AL R TR 2 5 DL A AR AT il 5 A B i R B
DAy 1 i R A R e 24 4L 7 30 8 5 40, AR Gl fe ok
TR FIBER R 5 AR A BT P T 4 U
R ER 25 YA E b 4 B I, A R T 2 R
AR A A S

SR, A X S AL BRI SR AR AL, A2
2o HoO R b R IR IR 1) 2RI . [eaUlR
D 1) e $ A\ TS B0 AP s i 7K
1R, BN AR R S KA A AE AL i o RO L P 0
SERUG S o R, A 2R R 1 S AL R T L %
Bl D 5 4 R BRI T A SRR R AN S
ARG R, HLR OB A A
A 1 R R TR 0 7 A, AT A et
NEWTBR s ALYt . H AT &8 IF70R KR
(AR AHE 3 5 4 SRR 8 o T S 475 3 SR
Y, FHLAE AR o0 A il o1 5 2 TR T RN A 35 B
T BAL, A AR AT b £E PR 25 R kot
A JEURH T T 2 e B E A AT R, A
BN A A AR T A ) TR ARSI 2R
AEAAT o0 Bk 1 S5 | g 7 TR A A T T 2 L AR
SERAEIATIRSE 0 B, STk A A S AR R IR DR
B2 At bt R AARIE BT I B D7 S A A 4 o
1 #MRl5A*%
L1 X3
L1 5okt

G AR, T 2R AR e 24 A PR w4
Hb s TooK M B EE VR AR BB R E TE R
AR RN VK SR A Cobe . — S AL =S e
FAALER oK P = U TC K B R B A5 1 Ty
Gy M Al s FE IR AR SE
L1.2 {8 5K

Agilent 6890N S A AL, TA — Q20 2 /R 14
Y, XD -3 X AT Y, ZEISS Axioscope5 i
DG, MQ20 Jik #2242 A, Ultimate 3000 —
ICP RQ HLJBGHH & 45 5 IR R 56 — Bk JH A
(—&#L) , TA — XT PLUS JFHt94%, BSA224S H 1K
SE-, GL - 10000C B5.0:H1,
1.2 X7
1.2.1 AL bR e

SR AT I A BR A U 2 R AR(E Ao
W% R GB 5009. 229—2016 2 =1& . GB/T 5532—

2008 .GB 5009. 227—2016 ., GB/T 5536—1985 # 17
M
1.2.2 ZEaE

R PR 5 4 B - IR R ARG — ik HIAY
(ICP — MS) xf S A kAl iR & A il e . B
PRI FE FF 1 000 mg/mL Y ERARIER R FE 2 1 000
ng/mL, T i BT & ¥ BE KK 1.5,10,20, 50
ng/mL 1) RIIARE I, ARYE ICP — MS JU45 1) 6 i
FE bR e £ . K HERRFRILAY 3. 058 3 g FESL T
A EAE 100 mL 255, R ICP — MS
DA B, XF RE AR v ph Ze T H A R B
1.2.3 kgt

SR FH PR U F 19 7 6 R R i 9 o Ay A A 000 3
MRSk ] TA = XT PLUS, & s [l 73 FE 34
1.0 mm/s, F IR 20 mm, 30 5% 5 it £ 3 i
ML AT AR S DR BE SRR .

1.2.4  JgID7ERZH G &

Z: 1 GB/T 17376—2008 [ 75 1% , T SERIAE Sl ik
TR, SR 5 FITC/K B BR g /K Jf-3f 4 0. 45 pum
DENRE AT U T Agilent 6890N AR (0 35 {3 &
JE 195 R 2 B o

SARE G 25 HP — 1 A A5 4 (60 m x
0.22 mm, JIEJE0.25 pm ) sHETHEAR T AL 4 °C/min
M 10°C FFH3] 230 °C, R 5 18 min A 113 JE
250 °C 5 B 17. 7 mL/min; 3 (H 420
TR 25 em/s 5 KO B AR 25 R 255 C 5 5 R
I 450 mL/min, S 7 50 ml/min, DL NFRIY
PR B IR E PR, PG AR — e
1.2.5  [E{KRREN; & i (SFC) P

Z: M8 GB/T 31743—2015 , F ik b 2% il FL 4 A3 U
TRFE A E 10 ~ 70 °C iR DX [] 1[5 1A B 105 25 o, )
B 10 °C (40 ~ 50 °C Bf (Y a1 FE Ry 1°C) B4 e 75 31|
PRttt L 4R (5 % 180 mm, 4% 9 mm) 4T
&

1.2.6  fwt i B A OB 2

TEMR G AEE T XA S OB S #- A TUEE . JE
BREIRAIT R B C I R A | ARG % A
L, SR 100 F1 200 147K HOW S %, IF
FH 18MP £t AHAIL ( OMAX) i3k .

1.2.7  AMER AT

A 2278 R (DSC) WFFERE Y 25 i Al
IEAAT . R 10 mg FF 5B TR R, e
FRR . e AR IAAE] 100 °C, FFPREF 15 min,
DA DR i AR 25 4 58 4 4k, SR 5 L) 10 °C/min (1) 3
JERFIR 2 - 20°C, F LA 10°C/min [ 3 % THE &



2022 4 55 47 45 55 4 1] T

Rl 43

100 °C , S oR & i (BRI ) FIAE AL (TRl ) 2o 78 o i 4
A4 o
1.2.8 SRS 73 b

JH XD =3 X ST ST B i 1Y) SR AR S5 44 o
BG4 il BT A I A o, SR TR X B2 (Cu
Ka, ,A =1.54 A)fER X S, 7F 20 24 10° ~ 354
SEAXELLL0.5(°) /min (130 BE AT 9. KR
PR A4 R 0. 5° 42 IUk4E S 0.3 mm,
1.2.9 HEabr

P #E AT 3 WS, 45 R P YE £ 45
MM 22" R o I SPSS B k47 ik 25 M o3 B OF
K Origin 8.5 FHERE,
2 #ER5IR
2.1 A RACARAT g BALH R

21 Ry A S AR AT A BEAS AL A4S B AR
i, R 2 WA R . AR 1 R, e E A
FFMT Y R fH ( KOH ) F1 4 S8 AL AE 43 71 2y (0. 79 =

0.01)mg/g F1(0.009 3 +0.000 3)g/100 g, ¥k %
E Z AR (GB 15196—2015 ) Xf & H ALl 22K .
T2 s ey JIE AN PR R B8 1) B LS A , T FF i 1)
BYE R (1.6 £0.1)g/100 g, i /& 2 = ALl A AR
HE(— YA (1) /N T a5 F 5 ¢/100 g B4
AT ) o BRI N (57.3 £0.3)°C B
FRMAAE R =5 ~0°C) KIEEESR &, X F 2 EH T
S AR R LA A U, A B TR T 4
FHES IR . S AR A A i R 38 T AR
VEREART , BRI 36 45 [ S AR & AR W PP A &1k
TR — R R AR SRR,
R R & O (0,36 £0.00) meg/kg, £ 45 3 [
24 28 (USP28 ) Xif T S AL A AT I 85 % /N Tk
ZF 1 mg/kg RRETERE . N2 ATLIF I, 4
LAHRRFIMAE EEAR R REBEAIG, PRt 5 T 2 BB/
FURL T A 5 B SR AE — I RO B o [ A2

F1 SURFHANELIERNREE

R {E (KOH) /(mg/g) 4L/ (/100 g) WYE (1) / (/100 g) W 5/ °C R/ (mg/kg)
0.79 £0.01 0.009 3 +£0.000 3 1.6 £0.1 57.3+£0.3 0.36 +£0.00
R2 SEUBHFREHDTESR PR JUT 505 AR b, 4 S AR Tl P A R R IR & 1 2L
WiEE/ g R/ g FE/ (g s) >k B AR A R R TR VTR, T 3 RO AL
6 726.7 £55.2 5.1+0.7 26.9 £3.6

2.2 ASAATA A g B B A (L& 3)
R3I EEUBEFHNEERHERAR

N R TR/ %

C14:0 0.67 +0.05
C16:0 23.22 +0.25
C18:0 73.83 +0.33
tC18:1 0.07 +£0.00
C18:1 0.68 +0.01
1C18:2 0.03 +0.00
C18:2 0.42 +0.03
C20:0 0.38 +0.01
C22:0 0.13+0.00

R 3 AT, A S AR FF i o ) BRI R
PRARBR AR N IR , 55 40 1y (23.22 £0.25) % |
(73.83 £0.33) % , HA ISR & B /N T 1% . 1B
PSR [ 1] 38, A A A AR T A A R L R S
Fi2 MR JHER T34 5 143 3R 21.90% 2. 09%
57.24% 14. 86% , H. A 8 Wi R S 34 & B ¥ /N T
1% o PR, 2 AR FE I 55 AT T AH L, B iR &
ARSI MR TR 76 4 S AR R T LF-
ANAETE, & w40 J K &= (0. 68 0. 01)% Fl
(0.42 £0.03) % , T8 & = F JLF 28B4k i g

ARG U] 1 IX — i ARl B R
AR MR P 2N (0. 07 £0.00) % A1 (0. 03 +
0.00) % , n] W58 42 A A i F i S X W R 5 1%
BT ALK BRI A4l

2.3 2RMAFHGEAREELESZ(LE L)
100 100
80
80} <60
= 40
20
2 60 N
S 404142434445464748495051
= I
v 40 F
20

0 lb 2.0 36 4b 5‘0 60 7AO 8.0
/¢
1 SSHRERNEREGSE

[ AR 15 2 1 (SFC) SR 1E— & IR T 3R Ny
[ A B g 105 5 i, R RAE TR S m R R R S S
PERB I — I S AR bR, M X L8 AR X IR 76 2 (=
2 R bttt A5 3 b i B A R S, R 1 AT
A A F AR KA AE 10 ~ 40 C YL N, SFC LT K
A, HARTE 95.0% LA I, i %KL §h 72 40 °C LA
T A DL A X AETE; 1050 °C B SFC [ &



44 CHINA OILS AND FATS

2022 Vol. 47 No. 4

(9.7£0.7) % , BbBf ) 2 S AL A48 K B &
Y5 WA ;60 ~ 70 °C i} SFC B 35 F] 0% , ¥t B 78
60 °C DA L BFAE 23 LR S TE X fE 7. i L B3k
P AT 0, FE B SUBAE SO ~60 C ZJa], 5 2.1 JiF
DA AT o A S AR R Tl 5 SR T Al R () A FF
W A S AR AR I R B, 7E R —JELE T, SFC
W, X EEEH A B 25 R . A, SFC
R R 2 F AR TER IR T AN REIA L, B AE
L FH T N3 Tl S TR 1 1 4R Bz 2 R L
PEATECME Ak I 5 A A AN RN R T IR 1 R
FACHE YA TR AT B R HIR Y
2.4 ASAATHFRMNTE L RITARHIKREMN
FH s o6 2 AU BE T 4 S AR A I B OWE 28 24 7
ML, 5 RANE 2 s,

A% ‘ Yie
ALY
B

T :a 2y 100 4 ,b Jy 200 £,
B2 2SWRIFHNRRES

& 2 AT LLE 4 S AR R T o0 b i
SHERREEHTE B — AN R T 3 2 [T 52 43 A 35
A AR B K/NB AR 35—, 3 2 A 7 45 1)
Gy PR R AR TE SRR E 1 = 4k AR 2544
I, AR R0 T 5 0 A T A A X R R
21 R A R o

F 22 7R F e PR A F e i (R 45 S R 16T T
BRI 3,

151

/(Wig)

=}

ﬂ?}l
o

2 0 20 40 60 80 100
i/
B3 &SUmFmMNERBLnE

Hi1E 3 A, S AR 47 C A A
A, 64 CAAA 1M g, HgIE % (M
FEFFIMTE =5 CH - 30°C A 2 g5 dn X sk
PR 4 AR ) | A S AR R S
OB —, HARFG DR & R, R S R i 43 A5

BB o IAFah BOAS i B RIS ALt n] LU 42
AR RAT B RO AL, X5 SFC R i i i
ARIEARTT o I3 Fh, 205 fh W eF N7 14 3 B2 A X T 4 A
UG, R T H = HRBE A A SR B —E Y
IRFTR] , DT 38 s & oo A X 0 A ol R A7 A — A

“UEIEE

K4 k4 S AL AR FF I B X BF 2647 55 (XRD)
A

800

423 A

26 30 34

0 1 1 1

10 14 18 22
20/(°)

B4 2SULRFFHE X SEITHIEE

FH & 4 AN A L 3 BIAE 260 R 19.25° 21.00°
23.08° Hi BHL o 11 5 U, AR WX 0L 1Y & A% T[] By
4.61.4.23.3.85 A, Hirr4.61 A 2y g 5% (%) 4 A
B0 4.23 A F13.85 A R AgRE: g R
Wi B oK A , 4 SRR LA B SR AL 3, AR AE
—E BN B b, 3K — AT M G A B
FRRRAEMIESS . EALRAT I EZ AR b
TR FIAE R IR (DL 2.2) , — & A C16 1 C18 ik
R H S A A = 4% C18 Mok 4% i H b s o i
mFLLBIE KR AR 2 FE A AR B A Y
T4% W RERE IR , it LAt 25 FE7E — 2 LUl i) B i L,
TEN T M AR TR 19 2 77 1k B v, B i B 23 ok
SO R BT, 1T B SR RN kSR, PR, 7R
FHA S AR A 7 N2 28 3 AR BRI B, AT
— SO AR R B R B R A e
3 & it

G AERFF ) SEA BALFR PR A & E AR X B
SACTMA R T HGE B TR 5 R 2 Al i A
N P RTEE S5 . AR Y 25 T P
JiT K AOREE Y 5 58 2 EALRR B AN AT 3. DRI
TR KR , S AR K0 LT 58 4> B AR R0 A B A
WL AL AR R ZH B , AN ATRR TR | S =X 1D R e A
29 1% . P, 4SRRI R A 2H R T B
MR MEEERR LT A F R M AR e
UF SRR o FEROES 8 I, & F AR Rl 2 IR
/0N AT A AR Y B R B, (H [A] B A 7 —
RORSCHLY B b o XSk B9 DL S AR A



2022 4 55 47 45 55 4 1] T

Rl 45

IS 7 A S SR T R ) S A AR ™ i e 1t T
b2 bioe S i P RIS R R i Y i S I B PO B e 2
i A2 8 SO 3 TR T DR RS YRV 4, Tl A
Jve & ™ i R R I o

S 23k

(1] FERE AR E, Bk, 55 Mkl E 07 R4S 53
MT]. &R ,2016,37(22) 136 - 141.

(2] BRPEAR, ORais I, SR, 45, el S PR R 3l 0 4 1 %
BABFFE L] TR Tk K224 (A SRR R0 2018,
39(5) .37 -42.

[3] ALING J,PODCZECK F. The filling of powdered herbs into
two — piece hard capsules using hydrogenated cotton seed
oil as lubricant [ J]. Eur J Pharm Sci, 2012, 47 (4):
739 -751.

[4] PAWAR H A, GHARAT P R, DHAVALE R V, et al.
Development and evaluation of gastroretentive floating
tablets of an antihypertensive drug using hydrogenated
cottonseed oil [ J/OL ]. Isrn Pharm, 2013 (5): 137238
[2021 - 08 - 12 ]. https;://doi. org/10. 1155/2013/
137238.

[5] DHAKA V,GULIA N,AHLAWAT K S,et al. Trans fats —
sources, health risks and alternative approach: a review
[J].J Food Sci Technol 2014 ,48(5) :534 —541.

[6] IMRAN M, NADEEM M. Triacylglycerol composition,
physico — chemical characteristics and oxidative stability of
interesterified canola oil and fully hydrogenated cottonseed
oil blends[ J]. Lipids Health Dis,2015,14(1) ;1 - 11.

[7] TOXICOL I J. Final report on the safety assessment of
hydrogenated cottonseed oil, cottonseed ( gossypium) oil,
cottonseed acid, cottonseed glyceride, and hydrogenated
cottonseed glyceride[ J]. Int J Toxicol ,2001,20( Suppl 2) :
21 -29.

B he AL B

G e T xR &

[8] The
pharmacopeia: national formulary USP 35 — NF30 [ M ].
The United States; US Pharmacopeia, 20111772 —1773.

[9] MENG Z, ZHANG N. Rapid analysis of trace nickel in

United States Pharmacopeial ~Convention.  US

hydrogenated cottonseed oil by microwave digestion prior to

its inductively coupled plasma mass spectrometry

determination [ J ]. Spectrosc Lett, 2012,45 (4).296 —
300.

[10] FE2,5K)E. Mo fl S0 - OB LN & Sk
Fikr b PR B 1], A7 e Bt i, 2015,24 (6) -
70 -72.

[11] The
pharmacopeia ; national formulary USP28[ M ]. The United
States: US Pharmacopeia, 1995 2991.

[12] Wi, BRI £ A Al B e [ 1], A oy
#%,2021,21(1) ;377 - 384.

[13] A a0, WRms, i K, 5. B30I 58 ) RORIFRI B2 HL BT
PERFFE )] MR Sl ,2021,34(1) :23 - 26.

[14] NICHOLSON R A, MARANGONI A G. Enzymatic

United States Pharmacopeial Convention.  US

glycerolysis converts vegetable oils into structural fats with
the potential to replace palm oil in food products| J]. Nat
Food,2020,1(11) .1 -9.

[15] ERkvK. Z27m 44 AR A I SR i 22 Do A R il 0 F
FELT] PR e 4l , 2016 (3) 19 - 22.

[16] UZA V D. Short spacing and polymorphs forms of natural
and commercial solid fats:a review[ J]. J Am Oil Chem
Soc,1990,67(11) .835 - 843.

[17] IBERIRO A P B, BASSO R C, GRIMALDI R, et al.
Instrumental methods for the evaluation of interesterified
fats[ J]. Food Anal Method,2009,2(4) ;282 —302.

[18] GUNSTONE F D. The chemitry of oil and fats [ M ].
Oxford ; Blackwell Publishing Ltd. ,2004.127 —129.

IR %
B

(HhEHE) E



