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Abstract The effects of cooling rates (5, 10, 20, 50, 100 °C/min) and solution concentration (0.5, 1, 2, 3, 4 mol/L) on the ther-
mo-physical parameters of typical amino acid aqueous solutions, such as L-lysine, L-proline, glycine, and L-serine, were investigated via
differential scanning calorimetry ( DSC). The results indicated that the effect of solution concentration on thermos-physical parameters of
cryoprotectant solution was more significant than that of the cooling rate. At low concentrations (0.5 mol/L and 1 mol/L), the unfrozen
water content of L-proline was higher than that of other three amino acids. This indicates that the water-binding capacity of L-proline was
higher than that of other three amino acids in low concentration solution. At high concentrations (2 mol/L and 3 mol/L) , the unfrozen wa-
ter content of L-lysine was higher than that of the other three amino acids. Given that the concentration of the L-lysine functional group is
higher than the other three amino acids in the same concentration solution and the longer molecular chain thereof leads to a lower probabili-
ty of self-bonding of the functional group, a higher unfrozen water content was exhibited in the solution system.

Keywords thermophysical parameters; differential scanning calorimetry (DSC) ; amino acid cryoprotectants; ice crystals inhibition; un-

frozen water content
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KV R AT R B 5 s 0 D e e B VR . S
W R AR AR, BRAG T 4 Fha FERR AR TR 47 57
IR ARG 0T T 2 ZE BRI 557K
LR,

1 AR ETE

1.1 X Ie w4

L-#i %2 ( L-Lysine ) .L-ffi% 2 ( L-Proline) . H
Z IR (Glycine) \L—%2 2R ( L—Serine ) ¥4I F [ 165 f[
LT AR By A R A
1.2 IR =8

Ze7n F i AL (DSC8500, 2 H PE A H]), T
VEIREEVE IR -170~730 °C , FHRERITH R A 0. 01
~750 C/min, & BEKE R 0.01 C, KS K B
99. 999 9% , 5 Y I 1 T 25 2 Fi A o IR B RTAAKS

ME S8 R (e - C R AR A R A D)
RFREAEN 120 g, K582 0. 1 mg, (i FH Al 22 3F
TREIE,

Lab Dance FEiRiEA#F (FEE KA A H]) | B e fs
#2800 r/min, FH TRV ELAE <30 mm HYZAR, U0
INRGTEE BSOS
1. 3 iR I& A il B

FH ME 3B R R 5 5 T 19 L 2R L -
TR | H 2R | L-22 2R , FI RS WA o IUR 7 R AR
) DMSO 7351 T 281K, 85352 % 2 ~3 min 15
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HR HRER L-22 % B A DMSO I WORE 5 (AR W5
R TR 2 A BE R mol/ L), T H &R A L
— 22 R 4 mol/ L /K TRV I Tk 58 S, 1UE 4
mol/L AR KA , L 2R 1Y 4 mol/L /K IF M AERE
Tt BRSO T R AL BRI 2 B 3 ISR 1 R
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[ELNEEET R TN
1.4 iKW H*E

K DSC8500 AT L2414, 0 T IH BRAE i (1)
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T ] B b BR 4R )5 L 100 °C/min PR F I 22 f
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FERN 30 CA351LL 5.10.20.50 100 °C/min 1% 2% [
HELZE-150 °C, SR8 2 min, 462210 10 °C/min %
ZEFHRZE 30 °C, PR 2 min, 58— R B0 R4
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BRI TEA R MR T, DMSO 7K 15 W 1 A% 1 B il 4
ot B R R VA V11 A T 25 B AR/, 13 B A SRR R A1
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Fig.1 Nucleation temperature of aqueous solution of

amino acids and DMSO with different concentrations
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Fig.2 Crystallization enthalpy of amino acid and

DMSO aqueous solution with different concentrations
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Fig.3 Freezing point temperature of amino acid and DMSO

aqueous solution with different concentrations
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BRSO T Ml R 2 B PR i v LA
Az TAEA [FIRLEE T /K B 25 B s AN Ta], R 7E 1153 45
AR IS 22 RO (A B IR A A2 A, 20 B R B SR
[24-25 ] BYAHSCHRE , 75t K AE AN [RIIRLEE T 45 ok 1)

2L /NG

AH(t,) = 333.88 - 2. 051, (1)
ﬁl"’l :t{ ﬁ‘j}ﬁ&?ﬂ%g, OC o
R

AH (1) pse 1
W= { ~—AH() w} x 100% (2)
K. w AW KRB G o AH (1) pse N
DSC P AWTE ¢, T RISE kS 1/ g AH () AR
(D) THEAFENAKAE ¢ TSRS, ) g0 HERIT
Koy,
R4 R HE , 45501 (2) 5 BRI 2
iR 4 R IR AR IRAR K AP B AR 25 51 in gk
1 s,

®1 SERRERPABNZRE FRE KISERRFKKEE

Tab.1 Nucleation temperature, crystallization enthalpy, moisture content and unfrozen water content of

amino acid cryoprotectants

N >, AH( tl')I)S(,'/ AH( tl)/
IrSiasil! e/ (mol/L) t,/C © u
(J/g) (J/g)
0.5 -15.51£0.17  -232.183%1.717 -302. 085 0. 926+0. 005 17. 0%
1 -21.21£0.23  -188.770+2. 073 -290. 400 0. 857+0. 003 24.29%
LM% iR 2 -23.21£0.10  -112.745+2. 604 -286. 300 0. 724+0. 004 45.6%
3 -41.29+0. 20 —72.246+0. 632 —249. 240 0. 601+0. 002 51. 8%
4 J— J— N J— P
0.5 -20.69+0.62  —185.035+3. 421 -291. 466 0. 942+0. 002 22. 6%
1 -23.34+0.25  -179.079+3. 253 -286. 033 0. 885+0. 003 29.3%
L-fi &R 2 -26.07+0.58  —154.627+1. 834 -280. 437 0. 774+0. 004 28. 8%
3 -31.29+0.31  -118.371+3. 068 -269.736 0. 661+0. 002 33. 6%
4 -37.96+£1. 41 —70. 847+2. 376 -256. 062 0. 581+0. 003 52. 4%
0.5 -20.14£0.07  -203.572+3.537 -292. 593 0. 937+0. 002 25.7%
1 -20.21£0.14  -196.088=4. 526 -292. 450 0. 925+0. 003 27.5%
HE R
2 -22.26+0.59  -184.276+1.032 -288.247 0. 870+0. 002 26. 5%
3 -25.55£0.13  —172.559+1. 685 -281. 503 0. 825+0. 004 25.7%
0.5 -19.33£0.37  —187.452+2.834 -294. 254 0. 867+0. 002 26.5%
1 -22.32£0.21  -179.653=1.263 -288. 124 0. 854+0. 001 27. 0%
L-22 8%
2 -24.57£0.45  -172.281+3.321 -283.512 0. 818+0. 001 25.5%
3 -26.06+0.66  -162.305+1.362 -280. 457 0. 761+0. 003 24. 1%

M 1 A, 4 Fh R RE TR /I VA T 1 A% T BEE A 4
pn ke E ST B O B G K R R I 3, -T2k
TR BE N 0.5 mol/L 3 & 4 mol/L, RIZEAKF &
KMEHER, R EE G K S a3, 45 Gk R,
EE K 2 i —8, XA WE T AR
PRI TR K & &, K IAEARE BE (0.5 mol/L Al 1
mol/L) T, L— i & & /) R VK & f B/ N F IRk B R
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[ L-H R H &R M L- 22 &R (MR vk i (2
mol/L F1 3 mol/L) I, L 22 FR /K ¥4 ¥ LU [a) ik B e
PRI AR R A K & i 5 i, U L SRR e 5
PR IS AU VK S BB AR R A R S se B
R Ak, R R I A R o LI R U R S
PBEA R A A TR R A AE DR, H 2R
H L2252 W A URoK & AR AR /N R P e 3, 1%
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Fig.4 Nucleation temperature of amino acid aqueous

solution at different cooling rates

K5 it RAH RN B (3 mol/L) E R /KA R 45
Ak B IR R A ARk, R IE] S AT, 4 e kR K
VA TR 5 e Bt o L 6 ) 34 R AR AR 8 3,
FEIR R M 5 °C/min #9% 100 °C/min, L—i 2 R 7K
VWSS SN T 9.6 315 1/, H & W K s Wi 1
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Al AHAT DRI, L- 2412 L2 PRl L-22 %4
PR IK VAR PR 45 ke FE AN DRI /)N | 106 I i 1% Tk o 23 11
BRI WAR R PR K 2 R A RS T Ko
TF1] AR AR EL AR 0 838 43 7K A8 kg R R Kk P07 e e B
VTR ZR I 45 AR AT T 202 1 245 R i s Tk
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Fig.5 Crystallization enthalpy of amino acid aqueous

solution at different cooling rates
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Fig.6 Freezing point temperature of amino acid aqueous

solution at different cooling rates
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E, (=32.38+2.00) C R HA N HHBUEE A,
vA(x) == K, F () (3) %23 mol/L L-F B DSC WEHIE

Ko HFER B FEIRE A, C/min; K, Ky LA
WHR SR %, 8.314 J/(mol - K) ; E, HIEAL
fiE,J/mol; A (x) S 45 M x M RREL; F (u,) J2 45
AR 1, BIPREL,

3 ) 2 i 5 RO 1 OC 2R TN [R] B TR
SR A TR A A/ NS 2R TR (3) T4

K(ty) == vA(x) (4)

e, WA ARG, C ;K (1,) 0 B W
AL, C/min,

HE S, M FEEE AR UURH I Y I 5 R UL 2
oy, ( C/min) AT (5) K7

K(t)

Ve =—A(xg) (5)

3 mol/L i L-FlZ R A DSC Il Bl a3k 2 fr
INo FHHL30 C/min B4 ¢ H q,.., K15 x, , 132 R
I K, (1)) 18, e )5 7T 15 K. (1,) = (—286.28+8. 83)
°C/min,

X FHE—FPEE I, K (1) PR T 45 i 4R 1R
JE 1, B RREL, XFTF 3 mol/L Y L- i &R IE W, 1, =

Tab.2 The DSC measurement data of 3 mol/L L—proline

; v,/ q,/ ., A4(0) K.(ty)/
(C/min)  (/g) (°C/min)

1 30 116.785 8 1 ® %
2 50 116.5279 0.997792 5.7705 -288.53
3100 112.2373 0.961 053 2.9376 -293.76
4 200 39.0544 0.334411 1.3827 -276.54

X B B R R AR 47 70 7K VS YR BRI R 4T R ) 1 Ak
LK () FMIESS R INR 3 PR,

o WITTEAEIN R 4 Frs, HF 2 mol/L Y H & iR
FI L 22 S8 BR 45 A AN AR TR WOTe vk i 1K
BRI TSI PR TR R 54 mol/ L i) L R 14
WL IS AL , SO s H 2R L-22 &R 4 mol/
L VA VR VS T TE 1 56 4 VS e, O o AR Sk
B x,=0.05 i, 7EFE IS A2 DSC 30 7% A9 il 2 A
AR B 5 Y 45 A U O «, = 0.05 THERL I B e iR
B A,

xR 3 ARRERBRPFN K(¢,) B

Tab.3 The K(t,) values of different concentrations of cryoprotectants

AW/ (mol/L) L- i 4 iR L-Jfi 2R H=E R L-22 4R
2 -563.95+8. 19 -405.1+£12. 89 — —
3 -351.9+10. 81 -286.28+8. 83 -415.58+8.03 -360. 4+23. 18
4 — -186.07+9. 16 — —
Fdv, MHEE A A, T A R A VAR Pl R R s
Tab.4 The calculated value of v,, LB TR R A7 AE | B R0 1 B R
RIRR | e vowam tram -gmm o0 ) AURAE(-COOH)  fesh i AT WAk
(mol/L) FIRSE B R , ELAG AR 3 14 S 7K | 0 IR ik 7
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